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portion of the module includes three learning experiences based on 
the enabling objectives. Each learning experience presents learning 
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learning experiences should lead to achievement of the terminal 
objective presented in the fourth and final learning experience. The 
lalter provides for a teacher performance assessment by a resource 
person. An assessment form is included. (TLB) 
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FOREWORD 



aoocattonfPOTS) teaming P*^^*^£^T^^^ 

cwTt^oo w^ch mew modules are based wen MMNted and 
verified through losoarch as being important to succsssful voca- 
tional teaching at both the secondary and pu*tsscc<idery tovete 
of instruction, Tne modotea are «ut^ toi tf» prapa««aoof 
teachers and other occupational trainare te aJI ocaajationat araae. 

Each module provides ieaminB efrorioncea 
and application; each omkwm»^u\m^i*^KKM suinam 



National Center staff in the identification of the teacher compe- 
iancysta*an»entsop©nwtiichttTis^ 
majon Hmotd. I e a a i Cast WWiom ChanrSer, Jim Priam, Jacto* - 
Marshal, Tenasa Paige, Thomas Peterson, Marie Scherrwtz, and 
Nancy Underwood. 

Reldteettagolthom eJ eiiaJswas canted outwttn the assistance 
of netd-site coordkiators, teacher educators, student*, ****** 
of staff development, and others at the following instiwticns 
University of AWsema-Bimiingham; Atouquerqua 
Vocational institute, New Mexico; University of ventral Florida; 



and application; each cuteilnaaM w»*r^ g^^AwaVoeationai&to ation Aotho .ty.Wtsconsin; ttoftand 

msnurf thereat*** ^^ ^^^^J^^T^ T^TtTcmvZ Seminole C«nmunity College. Florida; 



specified competency. The rnateriate are designed tofweby 
SaWsnrvtraining working rndMduafty or in groups uodetthe 
<tew^ and wim the assistance of teech^ 
acting as resource parsons. Resource P^^^S^Sftl 
in the teacher competehciee being ^^ffi^^^ 
thoroughly oriented to PBTE concepts and Procedures before 
using these materials. 

The design of the materials provides considerate flexibility for 
ptann.rtg and conducting pertormarKO-oased tra^ P^*™ 
foTpraaarvice and inaarvtce teachars, as weB as to***** 
inctostryHaboi u ax whs, tu m u st a ante vw to ty ul u ^ v> ^^*^ 



and intetests The materials are intended for use by u^srstties 
and cottages, state departments of education, postrecondary in- 
stitutions, local education agencies, and others responsrtHe tor 
the professional development of vocational teachers and other 

occupationaijrjHr^a, 



CoMege, P.E.I., Canada; Seminole Community Collage, Florida; 
University of Southern Mates; and Temple University, Pennsyl- 
vania. 

Special recognition tor major individual roles in the development 

Staft. Uicaie C^Tpoatt-Tnrane, Associate Diroclor, Develop*"?"* 
Division, and James B Hamilton, Program Director, tor • B *der- 
ship and direction of the protect; Lois G. N*"*^^"**"* 
E. Wonacott. Program Associates, tor tiiodutequatity conirol; 
ChervtM Lowrv Research Specialist, tor da *etopmg W ustrabon 

Graduate Research Associate, tor assistance in fteki-wi data 
summarization; and Catherine C. King-Rtch *"?J**f*E 
-^Vbnacott, Program Aasocs^ 
ing field testing. 

■ S pa tial ■ emu niUm i s uteu mtwidwU lu » w staf f at AAVIM ***** 



OCCUPagonwjawriJDLa! *>y%n*** — , .; . .. . . r^Hw+nmrhirfrr 

7^ -^-^^ 



Students in linprovteg Their Basic SWIte^ ossigned to«^ 
vocational teachers and other occupational trainers to integrate 
the teachmg and reinforcement of bas* sxi«s into their wgutor 
vocational instruction. The modules are based upon 85 teacher 
competencies identified as essential for vocational teachers to 
teach and to reinforce baric communication, computation, and 
employment sKitts as part of the ongexng occupational education 
program. 

Many frefiWJu^ inaTn^^ 

development, testing, and revision of these sign rtk*m training 
materials. Appreciation is extended to the following ^«v*lu- 
ais who as members of the DACUM analysis panel, assisted 



particularly to Donna Pritchett for module layout, design, and final 
art work, and to George W. Smith, Jr. for supervision of the 
module production process. 



Robert E. Taylor 

-Executive Director - — 

The National Center for Research in 
Vocational Education 



Trie National Center tor ResecifCh in Vocational Eduction's mr^ 
aion is to mcreaae the abiMy of diverse agencies, ^^^^J^**^ 
organizations to aolve^^ 

career planning, preparation, and pmgffmtm 1*e Hmoo* Cent* 
fuftrfrs Its mission by: 

• Generating knowledge ttvough research 

• Developing educational programs sod products 

• Evaluating rfxflvidual program needs and outc°mef 

• ProvKNng formation tor oational ptannmg and policy. 

• instating educational programs and products. 

• Operating information systems and services. 

• Conductmg leadership development and training programs 




AMSftCAN ASSOCIATION 
FOR VOCATIONAL 
INSTRUCTIONAL MATERIALS 
tfm tmon* mmm* fv m$mjc*on$t M»0wate 
120 Ortftmier Engineering Center 
Athens. Georgia 30*02 

The American Aa a o da P oo tor VocattorUri Irtstruchorra* Material 
(AAVIM) is a nonprofit national instftwle. 

The im«iu<» is a cooperate ettortol 
dMeioiw ol vocirtiwial^ »c^^ 

and Caneda to provide far ww eW o nc e in inttructonai magnate 
Direction it given by a repreaenu^ve from each of the atatea. 
provinces arid territories. AAVIM afeo worKs cloaeiy with leacber 
organizations, government egancies and industry 
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JNTROmjCTION 



Everyone usee meJhematics at one time or an- 
other; most of us use it every day. In our personal 
Ives, we fotiow a nedpe, weigh ourselves, measure 
a room. As consumers, we decide whether we have 
enough money to buy 9Cflietr^, axint our change, 
tgun mseage, balance a checkbook. 

As job applicants, we take «npk>ymem teste, fig- 
ure salary and benefits, plan the time needed to get 
to ah interview on schedule. On the job, we do 
everything from counting to computing to using geo- 
metrtc principles, depe nd in g on the occupation. In 
- to d ays te c h nological world, a person w it hout bas ic' 
math skits is sorely hanclcapped. 



— UnMlui wltfly, Some students reach secondary or 
postaecondary vwattonaJ-tec^WcaJ trair^ wtttxxit 
possessing needed skttts in math. Somewhere 
along the wav. most mwth - ftafl rtent gtudnntn h.mn 



had trouble with math, ha ve go t te n tocreias^^be- 
Jjtadjn tbs^ubjecfc and-haWevel^i^ given up, 
deciding that they "just couldn't do math." 



It is the aim of vocaaonaMechnical Instruction to 
prepare students who are employable and who can 
succeed in their chosen occupations. Since your 
stiidente wtt need basic math strife to be successful 
"botir as consumers and as workers, helping stu- 
dents who need to improve their math skWs is part 
of your responsibility as a vocatio na Mocrwtical in- 
structor. While intensive math remediation jhouJd 
be left to the specialists, there are mam/ things you 
can do within the context of your regular instruc- 
tional program to help students improve their math. 

This mockiefe designed i to give yai competency 
In aasjsjtag students in impr o ving t hor magrgflter 
>bu wW learn techniques for (1) assessing students' 
math skMs in relation to the main requirements far 
the occupational area, (2) assessing you*- own 
jgadjtaasa, to . assist sft td offic with thoaa a ktJ s, a nd ~ 
(3) wwWng with students to irnpcove their math 
-sWBsl \bu wll also gam skill in identifying specific 
kinds of errors that students commonly make and in 
hefping students to improve their sWHs in these spe- 
cific areas.' 
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1. After completing the required rawing, devise a 
method of ao se eotn g students proficiency lews m me 
math gt^LWgUtefl t0( 1 fflkM^flri ia^<illg^nicitQiiJn., 

your own occupational specialty (jLeOrrtfoflf Experience 



After completing the required reeding/ pian appro- 
priate techniques to hetp students descried In given 
case situations to improve specific math sktts (Learn- 
fri g gffiggjgaa! gL 



^■JltelfLj ^ a ftrt y dMfi'tifrg faoMLja vo cationa l 
teacher assisted students in improving their math 
skffls, critique the performance of that teacher (Learn- 
ing Experience III). 



La afw frm Experience M — — 

. .;Qp«onal •• - - 

fleronaoce: Qtosjon, James R. Mathematics Learn* 
ing Activity Packages. Columbus, OH: The Otto 
State University, Interstate Distributive Education 
CufTteukjm Consortium (©ECC), 1981. 

I oaynJng Experience) N 

No outsUejeeouroes _ 

S ^a^JBBk^sariBLB^B^^M aa^^^aaa^^tt^Bamafaj^laV^BB^fei ^^LM 

Learning Expec tewcej iy 

Required 

An actual teaching situation in which you can assist 
students in improving the* math skas. 
A resource person to assess your competency in at* 
sistiny stud e nts hi imMtu w i ii y tha ti ma t h skil l s. 



Prerequisites 

The modules in Category M are not designed for thepro- 
spective teacher with no prior training and/or expe ri ence. 
They assume thajjrouhavo ac h i eve d a m i n i m a J Javsi ot 
contenTknowiedge in your occupational specialty and 
ekW in the core teacher co m pete n cies of instructional 
plarrtmg, execution, and evaluation. They then buHd on 
or expand that knowledge and skJB level, specHtoaHy in 
terms of assisting students in improving their basic sWtts. 

Resources 

A list of the outside resources that supplement those con- 
tained within the module toaows. Check with your re- 
source person (1) to determine the avallabi«ty and the lo- 
cation of these resources, (2) to locate additional 
references in your occupational specialty, and (3) to get 
assistance in settinq up activities with peers or observa- 
tions of skilled teachers, if necessary. Your resource per- 
son may also be contacted if you have any difficulty with 
directions or in assessing your progress at any time. 



Learning Experience I 

Optional 

Reference: Boyce, John; Stade, Samuel, and Mar- 
gotis, Louis. Mathematics for Jechntcai and Voca- 
tions! Schools. Sixth Edition. New York, NY: WNoy 
Publishing, 1975. 

A basic mathematics textbook used in your school or 
college that you can use as a reference. 
A math spectattst from whom you can obtain infor- 
mation and resources tor assisting students in im- 
proving their basic math skids, given the math re- 
quirements for your particular occupational specialty. 



General Information 

For information about the general organization of each 
performance-baaed teacher education (PBTE) module, 
general procedures tor its use, and terminology that is 
common to afl the moduies, see About Using the National 
Center's PBTE Moduies on the inside back cover. For 
more in-depth information on how to use the modules In 
t*qcher/&»jnojL^ m a y wish t t mt^ 

for to three related documents: 

The Student Qutafe lo Using Perfor man ce-Based Imkh M 
Education /Uateriate ts designed to heto orient preservtoe artf I 
Inservtee teachers and occupational trainers 10 PBTE m pen 
era! and to the PBTE materials. 

The Resource Person Guide to Using Penomsnce-Based 
Teacher Education Materials can hetp prospective resource 
persons to guide and assist pressrvfce and inservfee teachers 
and occupational trainers In the dewetopn wnt of p rofwakssi 
teaching competencies tiwough use of tits PBTE m o dul e s . It 
also iroludss las of at the module conpetsnoJes, asweJas 
a listing of the supplementary resources and tfw addresses 
where tiiey can be obtained. 

The Quids to the snpfementaSon o( PenhrmmcthBasetT 
Teacher Sducation is designed to help those who w#l admin- 
ister the PBTE program. K contains answers to Impl e mented 
tlon questions, possible solutions to problems, and alternate* 
courses of action. 
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Learning Experience 



OVERVIEW 





/ 

/ Optional 
^ Activity ■ 



{ Optional 
a Activity 

V 3 





After eompJehTg the required reading, devise a method of assessing stu- 
dents' proficient levels in the math skills required for a selected unit of in- 
struction in your own occupational specialty. , 



Vbu will be reading the information sheet. Improving Basic Math Skills in 



You may wish to refresh your knowledge and skill in basic mathematics by 
reviewing a math textbook such as the following: Boyce et aJ., Mathematics 
for Technical and Vocational Schools. Or you may wish to review a basic 
mathematics textbook used in your school orcoftego. 



\ou may wish to consult a math specialist to obtain information and re- 
sources for assisting students in improving their basic math skills, oven the 
math requirements for your occupational specialty. 



Mxi will be identifying the mam stdtts required tor achieving the student per- 
formance objectives In a selected unit of instruction In your occupational spe- 
cialty. • 



\ou will be evaluating your competency in identifying required ma'h skills bv 
completing the Math Skitts Checklist, pp. 19-20. ° 



5 




liMdjj^ assessing students' tevets of proficiency 



r |©y^ ^ pf ofidency to the 
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Some of your students may tack the basic math skis required for entry Into 
their chosen ooo^Nrttom. For intomption on how you can help tham to ^ 
prow the* basic math skifts, read tb>toltowkig infjxmsJtanjtfieeL 



IMPROVING BASIC MATH SKILLS IN VOCATIONAL 
EDUCATION 



How often do you use math fro m day to day? 
COBW yot i frrf a l on g with o ut i tTPlcturo yourooif on 



an average day with no math sidfe. \tou wouldn't be 
jtoto to decide whether ypu had, enough monayjto.. 



buy gat, or coffee, or lunch. Vfcu couWhl count your 

Wabill.fo&owaredpe.es^ _ 

— S^^j^g 9 1 ********* « ten ?._l 

~ — sheet or ofder toot?. ■ 

Canted to the extreme, you would have to have a 
Job in which you never had to count, read or write 
numbers, recognize a number as being larger or 
smaller than another, add, subtract, multiply, divide, 
measure, and so on. Pretty farfetched? Most adults, 
you might say, can count and compare numbers. 

Anyone knows that 10 isjajger tbm2,Jtabt2.But 

how about Vk and !4? Which is larger? Or .50 and 
1.00? Or % and .75? 

m Mxi may have students in your class who lack 
some of the math skills that are considered to be 
Basic. rT the skills they lack are needed on the job in 
the occupational ansa tor which they are preparing, 
your students may be in trouble. 

Even if they could get by on the job without being 
able to work math problems in conventional ways, 
they might never get a chance to try. Many employ- 
ers require job applicants to pass an employment 
teat— including math problems— before they wHI 
even interview them An applicant who can't multiply 
— 37_ x 48 may never geta chance to show that he or 
she can run a machine, make a sale, or type a busi- 
ness fetter wrth ease. 

Your Hob 

tou may feel that you shouldn't have to be re- 
sponsible for teaching basic math. After ail, you're 
trying to teach your students to operate machines, 
make sales, type letters, or gain other job skills. 

Isn't it the math teachers job to teach basic math? 
Isn't it your job to prepare students for employment? 
Thie enough, but if your students need to be able to 
use basic math in order to enter the occupation, you 
must be involved to some extent in developing their 
math skills. 




J ^ i 
I 



Does this mean that you should stob everything 
and teach remedial math? No, of coufse not. Ybu 
probably have neither the time nor the training to do 
so. But if your students need to improve their basic 
math skiUs In order to perform on the job, there are 
ways you can help them in the course of your regu- 
lar instruction. 

As a vocational teacher, you may even have an 
aoVantage when it comes to^djinoa ■^ntees'' 
math instruction to your tessons7~Many students 
who have done poorty in math are afraid of it. It may 
seem complicated and utterly "acaofemte"— an ob- 
stacle in school and Irrelevant In adutth od. 

I'll never need to know a numerator from a de- 
nominator after I ieave this piece," *hey may say. Or, 
"The square of the hypotenuse wool put money in 
my pocket; why bother with itr 

Such attitudes often result from a series of earty 
failures. Having failed at mastering math in the earty 
grades—for whatever reasons— students may 
come to think that they just can't do it. They then 
avoid taking any more math, or even any courses 
that include math. By avoiding math, they get further 
and further behind. 



7 



\ 

j 



But presented m simple te rras, Ji j Mna M doses, 
context meth may seem tsssdMcut, Isss threat- 




Each occupational area to a ^ drfterent so the j 
basics vary somewhat atoo. Qensraey sp eawnj^ 
however, there are some mem eMes mat undarss 
too abWty l a pmtom+mm I f * * m m *mA4*-=*\ 

^nrfrve??*^ order to succeed in the program and . 



-Jhay 
If you 

Heal use on the Job, your students should come to 
resize how relevant these Doss reeJyare 



VVW are bask; rnamsk«lt?H you ware » bskW 
math specialists, two vocational educators, two em- 
p toy ers , a nd a coup le o f p eop l e oiUhejateeal_ypiL 
anight get eight otfferent answers, tor example: 



QuofitfflceftMt This Includes reedrnflejidwriwig 
rumbera, counting, and ordertng numbers (putting 
numbers in sequence, recognizing whether one 
number Is bigger or smaller then arKrther). 



Compiitsikm. Conptitailo^ 
add, subtract, multiply, and dMde. Most people 
need to be able to comp^eji^jingie- snd mut- 
tiplexHgit whole numbers, mixed numbers, free- 



Meaeurentoht and e*Snte8ba Measurements 
(of time, temperature, Distance, length, volume, 
height, weight, velocity, speed, and so on) are used 
by almost everyone. Most students need to be able 
to take measurements, use them, and report them 
properly. 

In some instances, an exact 
not be nooceoary or pfactica 



• Xfcmputetion skWs are the basics 

• -Basic sWIs have changed since haiid-held cal- 
culators, computsrSyand automated cash reg- 
isters became a part of our Itves." 

Depending on who is talking, any given math skirl 
may be "basic," "necessary," "helpful," or "nice to 
know." 



Onewayoflooktogaithewhote.o^ 
yet another question: basic to what and for whom? 
For the elementary school math teacher, baste may 
mean fairly comprehensive mathematical thinking 
and aH its sub sidiary skWa (addition, subtraction, 




and soon). 

But we are not talking about laying the founda- 
tions of mathematical understanding for elemen- 
tary-age students. Vbur students are preparing to 
leave school and enter the world of work— kteaHy 
with whatever math sWtts they wHI need. 

As a vocatio ^technical instructor, you wHI be 
concerned with the kJnds of math used by workers 
in your occupational area. The math skills needed 
on the j ob m ay di f fer from on e occupational area to 
another. 

For example, in a mercriandising program, stu- 
dents work with costs, quantities, markups, dis- 
counts, and so on — whW cafl for a tot o* com- 
putation and problem-solving skill. Working with 
computations involving fractions and decimals 
needs to be almost second nature. In commercial 
foods, measuring ingredients, understanding equiv- 
alents, and increasing art decreasing recipes re 
among the skHts that are emphasized. In shop fab- 
rication, geometry is important 



priate to estimate or to approximate. To do 
needs to know simple techniques for estimating 
such things as quantities, length, and distance, and 
to have a sense of the accuracy needed for the pur 
pose-alnand 



Problem solving. Math skWs ultimately are use- 
ful for one purpose; to solve real problems. But the 
math skills discussed previously— quantifteation, 
oomputation, measurement, and estimation — are 
not, by themselves, sufficient to solve problems. 
Outside the classroom, problems usuaffy are not 
fcaftd as sets of numbers on a sheet of paper, with 
directions for completing them. They turn up most 
often m situations. 

lb put math skHte to work on a- problem, one has 
to be able to (1) recognize the problem, (2) distin- 
guish useful from irrelevant toforrnation, (3) deter- 
mine whether more information is flooded, (4) deter- 
mine what mathematical steps can be used to solve 
the problem, (5) set up the problem in a workable 
format and (6) compute the answer. 

Comprehension. To be able to quantify, com- 
pute, measure, estimate, and solve problems, the 
student may need to draw upon krwwledge and sklH 
in four areas: 



1 Th« dettnaatton o< fundamental 9km » adapted from Cornet tna#- 

tui« «or Occupational Education. %*cl*ng MaOwmattcs SkM m \toc*- 

trcntl Educatwfi (Ithaca, NY: ComaH tnaWute for Occupational Educe^ 
Hon 1960) SJ 
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9tf0nk^$ — atany. math tkttt depend on an 
MMlMilMiUJiiy of now mtatimmtnti on (Mar* 
ent scaJss relate to each otfrer (t»9-i mttfeLaofiL 
~Bjg*sn,lri^cns and decimals, feet and yards, 



For some areas, students need to 
to set up and sohe aquations and to 

J - equations to- 



• organisation of w^-n—™, ^^^^ 
may often depend on their understate differ- 
en t wa ys numerical date aro dteplayoaHe g., 
graphs, scales, schedules, tables, charts); 
being a ble to_coltocJi_onjanize^ and 

data; and developing the confidence not to be 

* inti m i d at e d by s naer maiBLotnumb ffr g , 



i solving. 

~i Qo omob y -So roe oooupetlons req u ire -the 
'toutec^xnotrteprincipte«andfc<nHj^ 
Ismsne angles, area, volume, perimeter, 
anise on. 



Specific Strategies 



THto ewsbabiy seumj 

you Include aJI these math skills as part of your reg- 
ular Iristructton? It may be helpful to keep several 
points in mind 

First, we are talking about Improving math skills, 
not teaching remedial math. You are not going to 
take on the responsibility of teaching your students 
" ng they need to know about bJBticrnattL.\bu 
helping them to improve In specific areas 



"win 



Thm my be cases th wmcn a students math 
skills are so poor that you feel it is beyond your ca- 
pacity to help the student In those situations, it 
would probably be best to arrange for remedial in- 
struction by a math specialist and to provide sup- 
portive activities in your own class. 

Assisting students In improving their basic math 
ski lls h as t w o ph a s es ; s fe e o t atlon (du ring whi ch 



where their skills are deficient. 

• Second, students in your occupational area may 
not need all the skills listed One of the first steps 
Iffl iw jijieadjpJaheJstodffle^ 



you make the necessary assessments) and actually 
wortdng with the students. Lets explore some, 
general strategies yotr cart use In the two phases of 
this process. 



they do need and in which skiUs individual students 
need help. 

Finally, help is available Math specialists in your 
institution can help you by providing advice, texts, 
references, assessment devices, math exercises, 
games, .and other activities to use with your stu- 
dents. If you have students with special learning 
problems, special education teachers or reaming 
disability specialists may be available to help you. 




Prepare to Assist Ypur Students 

Before you can begin hetpmg your students to im- 
prove their math skills, you will need to prepare for 
the task by assessing the situation and your readi- 
ness to meet it. Ytou will need to assess the follow- 
ing. 

• What math skills students will need as they pur- 
sue their occupational goals 

• Students' competency revels in relation to the 
required skills 

• Mxir own readiness to teach those skills 

• The adequacy of your instructional materials for 
meeting students' needs 

Let's took at each of these assessments separately. 

Assess the math requirements. As part of your 
instructional planning, you wtH probably have used 
occupational analyses or competency profiles to 
identify the minimum competencies required for en- 
try into occupations in your vocatkx»al-te<^ritcal 
area. Ybu will also have identified the long-range 
goals of the students enrolled in-your program. 
From these two bodies of information, you will have 
derived the competencies to-be covered in your in- 
struction and the learning objectives for individual 
students, 
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Th* nnwt nlnri In h i itkmltitu thn mirth fttdiS faQuhed 

ior msassnnp bw confMnnem i vhioim »wp wwi 

Many such analyses have been done to r apedfc 
■occupations on naion a f . sfsia. a nd Iflft il tova i t . w 



you are not aura whether one to I av ai lable In your 
area, you can check with your pro fe ssi o na l organi- 
zation, state^oapaftme?^^ 
ohakperson, or your reaouroe person. 

nrho aucirra^aS cairBe obtained, you can do 
your own assessment Vbu first need to review the 
DOTpaBona ana l yse* m competency pmffiw 
Identify c o m p et e nc i es that involve math: computa- 
tion, measurement, estimation, problem solving,, 
use of numerical data, and so on. 

Thwtot^achot these competencies ysn»«f 



-jorj fe rt ei Tn i nc what spectftc ikHJflrar e mu a Kgd 



example, increasing a recipe might require multipli- 
cation of whole numbers and fractions, understand- 
ing of equivalents, use of charts, and some prob- 
lem-solving ability. 

\bu may find it helpful to work wHh a math teacher 
m analyzing the mathsWH levels needed for the var- 
ious occupational t asks. However, for your pur- 
poses, if isn't really necessary to analyze themath 
skills in a great deal of detail. Therefore, the ra- 
quired skills should be fairtyeasy to Identify on your 



i 



E 



' Second, tests to measure basic mirth skMte fre- 
quently focus on comp u tation stents— -the most eas- 
i^mm^a of the math t*sta~aiw ignbtw me wwC 
For example, the ability to use mathematical prob- 
lem-sofving skills in real situations may be over- 
looked, even when such skiUs are crucial on the job. 



Aaaeaa students' pn 



of atott In At best. 



may 



Having identified the entry-level math re- 
quirements, yoti then need to assess students' com- 
petency levels in relation to those requirements. Vtx, 
can do this formally or informally.' 

Use of a formalized testing approach is a com- 
mon method of assessing math skills. A math spe- 
cialist may have applicable tests or be wWing to help 
you put together a test appropriate for your specific 
program. However, a few words of caution about 
using formalized testing tor this purpose are in order 
here. . „ ... .J. 

First, a student who dislikes or 4ears math be- 
cause of a history of negative experiences with the 
subject may simply freeze up when faced with a 
whole page of problems. A testing situation or a 
mass of number problems can trigger anxiety, and 
as a result, the student may be unwilling to try to 
solve the test problems. If so, the test results prob- 
ably will not give you a true picture of his or her abil- 
ities. 



0ft , - tO j frtodJ _^^^s 

iMMrinmh»^eP 



through word problems. But when typical word prob- 
lems are used in this way, otfW factors may affect 
the sfudents' performance. For example, a student 
with reading difficulties may not be abie to decipher 
the problem, even though he or she might be able 
to do so In a real situation. 

Or, if the word problem is not relevant to what the 
student is learning tothe program, a neeesesjy de- 
ment of motivation may be missing. The student 
may simply not care enough to figure out how many * 
buafaeis,olwheal the farmer witUuw^tormaikeHn — 
some hypothetical set of circumstances. . 

Beyond this, most word problems simply do not 
test problem-solving skills such as identifying a 
problem in its natural context, tfstinguishJng rele- 
vant from irrelevant information, and so on. Most 
word problems present the problem, with just the 
right information, and with key words to suggest 
what steps to take. In a sense, even/thing Is laid out 
except the computation. • 
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If you do choose to use formalized testing, the fol- 
j*** **B**om can help you tc mWmJze prob- 

• Keep tests short, ft a student is having trouble 
with one or two problems, why give me student 
ten problems of the same tyne? If you have 
many different sWfls to assess, H may be bettor 
to give several short tests at different tones than 
to administer one long test. 

• Be sure reading levels, vocabulary, and testing 
methods match your students' capabilities. Be 
aware of the reading difficulties and other spe- 
cial needs of individual students. Try alternative 
approaches that meet their needs, such as giv- 
ing word problems oraJty. 2 

• Make sample problems reaftstic and relevant to 
your program and students' occupational inter- 
ests. 

• Try to make the testing situation a positive, non- 
threatening experience. Explain the purpose 
and procedures of the test clearty. Review vo- 
cabulary if necessary. Explain the relationship 
of math abilities to the rest of the instructional 
program. 

• Afterward, review the resute a* the test with 
each student. In order to pi \pcmt specific diffi- 
culties, go over each problem ine student got 
wrong, and have the student explain the pro- 

I cess he or she used to solve each problem. 

" • Show students how to self -evaluate. Let them 
participate in deciding where they need addi- 
tional help. Taking responsibility for this deci- 
sion may help them to approach the subject 
constructively. 

Mm may choose to limit formal testing and to take 
an Informal approach. Such an approach might, in 
fact, give you inforqjation that is more useful for your 
purposes than a more formal approach. By focusing 
on the ways nath is really used on the job, you can 
devise informal situations to assess students' abili- 
ties to perform the related math. 

For example, you might decide to have students 
do individual shop projects. Mxi could ask them to 
figure out the exact materials (type, size, amount) 
they will need for their projects and to come to you 
wfth their orders. By reviewing— with the students— 
their orders and their methods of arriving at them, 
you could assess their abilities in a given set of math 
skids. From this and similar situations, you could de- 
termine student needs in relation to basic math and 
derive a set of learning objectives for each student. 



2. To gain skiff in selecting lasting methods that are appropriate tor stu- 
dents special needs, you may wish to refer to Module L-9,' Assess the 
Progress of Exceptional Students 



A— —a your own sJdBs. For you to make math 
simple and clear to your students, it must be simple 
and dear to you. But ft would not be uncommon, 
when stepping outside an occupational specialty 
and into ar, area like math (which we tend to take 
pretty much for granted at the basic level), for you 
to find yoofsetf saying something like, "I can do it, 
but I cant realty explain just how I do it" 

Mmi will need to assess your knowledge and cor;, 
potency in the math skills you have identified. This 
should include the following: 

• Mxjr understanding of the u r .derlying concepts 

• Mxir ability to perform the mathematical opera- 
tions 

• \bur ability to help your students learn those 
operations 

\bu can test yourself informally by working 
sample problems and trying to explain how you 
worked them. It may also be helpful to review a ba- 
sic math text to refresh your memory or refine your 
skills. Again, a math specialist can serve as a valu- 
able resource in your self-assessment and in help- 
ing you brush up wherever necessary 

Assess existing materials. With the required 
math skills and the stujents* present skill levels in 
mind, you will need to review your instructional ma- 
terials. In determining whether they are adequate 
for improving basic math skills, you should consider 
the following questions: 

• Do 'hey cover math skill development ade- 
quately, or do they assume basic math profi- 
ciency and go on to more complex math skills? 

• Do they present basic math in ways that are 
appropriate for your students' learning needs? 
(For example, do they use communication 
channel*— auditory, visual, or kinesthetic— 
through which individual students learn best? 
Are reading and complexity levels appropriate? 
Are the organization and pace suited to the stu- 
dents' attention spans and ability to focus?) 

• Are explanations dear and simple? 

• Do the materials provide enough opportunity 
for practice? 

• Are the practice problems relevant to your stu- 
dents' interests? Are they relevant to your pro- 
gram? 

• Is the material presented in a way that is ap- 
pealing and nonthreatening? 

Based on your -cessment, you may need to 
adapt your materials or to locate other materials to 
supplement or replace them. For example, you 
might revise existing materials to include more de- 
tail, to simplify explanations, to reduce the reading 
level, or to make sample problems more relevant to 
your students' interests. 
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Letts look at each of those strategies in more detail. 



Or you might decide to supplement sortie materi- 
als, adequate as far as they go, wfth additional ma- 
terials. Perhaps adding visuals would-be helpful. 
Some students mfjbt simply need additional prac- 
tice problems to acquire the sfcffi needed. Adding 
more enjoyable activities might make the material 
more appealing to students who are reluctant to try. 3 

Once again, support personnel— specialists in 
math, special education, and learning disabilities— 
may be available to help you in assessing math ma- 
terials and locating othjr. appropriate resources. 

Work with Students 

When you know what math skills your students 
need and where they need help In improving those 
skills, the question becomes how to help them 
within the context of your vocattorvaf-tecbnteal pro- 
gram. The specific strategies you use will depend 
on your occupational area and the math skills your 
students need. However, regardless of these fac- 
tors, there are several general strategies you can 
use to help your students. 

• Create a positive atmosphere. 

• Individualize instruction. 

• Teach math In the context of occupational skit! 
development. 

• Use visual and tactile means to reinforce math 
concepts. 

• Provide practical math activities. 



about tiie rote of fear and anxiety in math deficiency. 
Cheating a positive atmosphere is essential for over- 
coming n ega tiv e attitudes that may stand in the way 
of improving students' mam sktito. Mxj probably al- 
ready use a variety of positive approaches in your 
reguiar Instruction. The same approaches, reviewed 
here, wtH serve weH in the context of improving baste 
math skiBs, 

First and perhaps most important, Is to projects 
poeftive attitude. Mxi need to show that you have 
confidence that your students can learn math. White 
a positive attitude on your part wonl guarantee your 
students' success, a negative attitude win very Hkety 
contribute to their failure. Since math deficiency is 
often at toast parity attitudtoal, breaking down the 
attitudinai barriers may be a makx step In enabling 
your students to open their minds to mathematical 
concepts, \faur confidence can help to inspire a pos- 
itive attitude on their part 

A second approach that Is closely related to pro- 
tooting a positive attitude is to create a nonthreat- 
entng environment Mathematics by nature is ex- 
acting: an answer to a problem is either right or 
wrong. Urtfonunately, some students see their math 
experience as a lot "of years of wrong answers. For 
a student with this view of math, trying again may 
seem very threatening. 

Students who feel threatened may find it helpful 
to have math presented in your program as a means 
to an end— their occupational goals— rather than as 
an end in Itself . Setting up competency-based learn- 
ing objectives may also help because it allows stu- 
dents to focus on achieving specific math compe- 
tencies rather than on whether they wHi pass or faJt 
a math test. 

There are o.tier techniques you can use to help 
sustain a nonthreatentog environment. Focusing on 
what is right rather than on what is wrong is very 
important For example, picture yourself working a 
problem at the board. Instead of turning around, 
calling on Mary, and putting her on the spot for an; 
answer, you could keep your back to the students; 
and have them call out answers anonymously. 
Then, ignoring aH the wrong answers, you might 
'say, That's right, 47 is the answer." Being wrong 
simply becomes unimportant in this situation. 

Another rxxtfttreafening technique is to play down 
the potential for being wrong. It may be just a matter 
of choosing your words carefully to reduce axiety. 
For example, you might refer to "your answer"/ 
rather than "the answer." 



3. To gam in evaluating, adapting, or developing materials to meet 
student*' speciH needs, you may wish to refer to Module 1-4. Provide 
Appropriate Instructional Materials for Exceptional Students. 
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Say, tor instance, that you have given a problem 
and are catling on individual students: "John, what* 
your armwerT "Amy, what answer do you haver As 
answers are given, you could write alt of them on 
the board, randomly, right or wrong. Then you could 
worn tt>e problem on tfv board, ignore all the wrong 
answers, and reinforce the right one. No one in this 
situation « penalized tor being wrong, and everyone 
sees how your answer is obtained. 

A third approach to creating a positive atmo- 
sphere is to encourage students to take respon- 
sibility for improving their own math skills. That Is, 
you want to encourage them to make a conscious 
decision that they need to improve their skills and 
that they will work toward that improvement The fi- 
nal responsibility for teaming must be theirs. Vbu 
can help them improve by providing instruction, ma- 
terials, and assistance, but only they can do the 
teaming and the practice that are required for skill 
development. 

To make this kind of commitment, the students 
must be motivated. They need to understand just 
how important math is to them. Each student in your 
program has an occupational goal. It may be helpful 
to discuss with your students specific ways in which 
math relates to their goals. For example, you might 
review some of the job duties related to a students 
occupational goal, pose hypothetical on-the-job sit- 
uations, and have the student consider how well he 
she would get along with his/her present levels of 
math skill. 



Some students may be better motivated by 
seeing the importance of math for outside interests 
(e.g., understanding batting averages, figuring ma- 
terials needed for a hobby, even playing poker) or 
for getting along as a consumer, For example, you 
could say to students something like the following: 
"Vbu're on your own, you've got a job, and you're 
making money. Vbu can finally buy that color televi- 
sion you've been wanting. Are they going to come 
and take it away in three months because you didn't 
understand the interest rate for the installment pur- 
chase and can't make the payments?" 

For other students, such topics as earnings, pay- 
checks, overtime, bonuses, and getting ahead may 
be the key. Knowing your students' interests will 
help you determine how to motivate them to take 
responsibility for improving their math skills. 

Students are sSso more likely to take responsibil- 
ity tor math skills improvement if they take part in 
ttie assessment and decision-making process. Stu- 
dents who evaluate their own performance and de- 
termine where they need help are much more likely 
to take the help seriously and to work toward 
achievement. / 



Mxj could, tor example, involve a student in re- 
viewing the math skills analysis for the chosen oc- 
cupational goal, taking a skill test for the required 
math, assessing his or her own performance, and 
identifying weak areas. The student would then 
need to decide whether he or she wants to work to 
improve in the weak areas in order to pursue the 
long-range goal. If so, the student could then take 
part in setting his/her own learning objectives. 

A student who participates in this kind of process 
is likely to feel a greater sense of responsibility for 
achieving the objectives than a student who is 
simply told that he or she needs to improve. And the 
atmosphere ts going to be much more positive when 
students are working toward chosen goals. 

Another way to create and sustain a positive at- 
mosphere is to build on success. This can help to 
increase students' confidence in themselves. The 
assessments that you have done will show not only 
what the students can't do, but what they can do. 
This is a good place to start. \bu can focus on the 
students' present skills by giving them problems you 
know they can handle. Then you can reinforce their 
success and point out practical applications for the 
math they already know 

For example, if you have a student who can add 
multiple-digit whole numbers fairly wed, you might 
pdint out how this skill applies to balancing a check- 
book, totaling a sales check, and so on. Or you 
might choose to give the student tasks such as 
these on which to demonstrate his or her ability. 
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As your students' confidence grows from realizing 
what thev can do, yoy can gradually work up to new 
skills. Of course, in order to build on success, stu- 
dents need to experience success with each new 
skill. As you introduce new material, you should be 
looking for ways to foster success. 

One strategy is to prepare the students property 
for each new skill. For some students, reviewing 
new vocabulary will help them to understand a new 
concept. Relating new ideas to known concepts is 
also very helpful. 

For example, 700 yards might be meaningless to 
a student until he or she relates it to the length of a 
football field. Staying with the sports analogy for a 
moment, a student who isn't grasping the concept 
of division might already understand the concept of 
"half the distance to the goal fine" without having 
recognized it as division. 

It is also important to avoid overwhelming stu- 
dents with problems they can't handle. It can be 
very discouraging for a student who is struggling 
with a new concept to see thirty problems on a sheet 
of paper. It would be far better to let the student try 
one or two problems. Then, when the student is 
ready, you can give more problems for reinforce- 
ment. 

Finally, an important part of creating a positive at- 
mosphere is to make learning enjoyable. For most 
students having trouble with math, math has never 
been fun. But if you are cor'.uent your students can 
succeed, if the environment is-no nthroat o n i ng, i f — 
your students want to learn, and if they a r P experi- 
encing some success — if all these conditions are 
met, then improving their, math skills at least will not 
be a negative experience. \bu can make it even 
more positive by choosing learning activities that 
are enjoyable for the students. 

Games, brainteasers, tricks, and shortcuts for 
solving certain kinds of problems can be more fun— 
and, in some cases, more instructive— than working 
a page of problems. A math teacher can probably 
help you locate a variety of enjoyable activities that 
you can tie in with your instruction. 

Knowledge of your field will probably give you ma- 
terial you can use to create hypothetical job situa- 
tions involving math. It can be both fun and instruc- 
tive, for example, for students to figure out what 
went wrong, mathematically, to cause the person in 
the hypothetical situation to arrive at a silly outcome. 

Another way of making math enjoyable is to keep 
students* interest high by relating math to things in 
which you know they have an interest — hobbies, 
sports, home-life, career goals, and so on. 




When you really get the students invoJvad, you 
can 'ake advantage of their interest level by stop- 
ping the activity midstream-- white interest is still 
high—and picking it up later. In the meantime, they^ 
might even spend some time thinking about wha^p 
you were working on. 

Individualize Instruction, it you are teacmng in 
a competency-based vocational program, you wW 
find it q'jite natural to indrviduaMze instruction for 
math skills improvement in the same way that you 
have done sr. for the rest of your program. If you are 
in a more traditionally organized program that em- 
ploys primarily group instruction, you still may find It 
helpful— even necessary— to individualize the math 
portions of your instruction. 

We have discussed the importance of assessing 
occupational math requirements and students* re- 
lated abilities in order to set learning objectives. We 
have also noted the need for a positive atmosphere 
to enhance students' commitment to achieving their 
objectives. Naturally, you will also want to plan your 
instruction so that it enables earn individual student 
to meet his/her objectives. In aodition, you may find 
that individualization permits you to meet students' 
needs with the toast interruption to your ongoing 
program. 

in planning how you will assist students in improv- 
ing their math skills, you may find it helpful to keep 
the following guidelines in mind: 
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> Instruction should contribute directly to each 
student s long-range occupational goals and 
immediate objectives for math skills improve- 
ment. The students' teaming objectives will dic> 
tate what you teach. Whether you use group or 
individual instruction for specific portions of the 
content will depend to a large extent on how 
manv students need heip in a given area. 

> Learning activities should be varied and should 
permit each student to begin at the appropriate 
level and proceed at his or her own rate. 

1 Instructional strategies should be consistent 
with students' individual needs with regard to 
learning style and preferred grouping. 
For example, one student might respond to a 
one-to-one explanation of a skill that is giving 
him or her trouble— say, multiplying fractions. 
Another might need practice in multiplying frac- 
tions to refine his or her skill. Perhaps (earning 
activity packages, a game, a simulation, or re- 
peated practice on supervised laboratory tasks 
would heip this student. 
Evaluation procedures should allow each stu- 
dent to be evaluated when ready. Opportunities 
for self-evaluation should be provided to en- 
courage in students an ongoing sense of re- 
sponsibility for their own progress. 
Since checking one's answers is a good prac- 
tice in math, methods for doing so should be 
taught with each computation skill. Self- 
evaluation can be used as a natural outgrowth 
of this proce ss . 



Teach math in the context of occupational skill 
development As a vocational-technical instructor, 
your main task is to prepare students for entry into 
their chosen occupations. If your students need to 
improve their math skills for job entry, you will need 
to look for ways to incorporate math into other areas 
of your instruction. 

As we have already discussed, weaving math into 
your ongoing instruction will benefit both you and 
your students. For you, it will reduce the amount of 
extra time required beyond your regular vocational- 
technical subject matter. For your students, math for 
a specific purpose will have more relevance than 
math as a separate subject. It is likely, therefore, to 
be more interesting, and it may be easier to under- 
stand as well. 

As part of your math skills analysis for the occu- 
pation, you will have identified tasks in which math 
is used. These tasks are the most likely context for 
teaching math. \bur own situation will dictate how 
you incorporate the math, but let's took at an ex- 
ample of how it can be done. 

Imagine that students in a clothing program are 
going to learn about altering patterns, and the in- 
structor knows that one student is having trouble 
with fractions. Without taking advantage of this con- 
text, the instructor could decide just to p!ug in a re- 
medial unit on the related math before getting into 
pattern alterations with that student. (Using this ap- 
proach, chances are that the instructor would either 
turn off or scare off the student.) 



• Students* vocational-technical interests may 
serve as the basis for individualized instruction. 
If you capture their interest with something that 
"hits home," you may well accomplish that 
sometimes-difficult task of motivating individu- 
als. 

For example, is a student in a hospitality man- 
agement program dreaming of i unning a fishing 
lodge one day? By having that student plan the 
facilities and staffing for such a lodge, the in- 
structor could give him/her a tot of practice on 
basic math skills. 

• Personal interests — leisure activities, home in- 
terests, hobbies, and so on — may also be good 
sources of math activities. For example, if one 
of your students is a displaced homemaker with 
small children, you could come up with many 
problems related to family budgeting. For a stu- 
dent who puts a lot of time into working on cars, 
you could devise problems related to costs of 
parts, speed, RPMs, horsepower, fuel costs, 

\ and so on. 4 



SAMPLE FABRICS 



4. To gain additional skill in indiynkiaUzmg instruction, you may wt$h to 
retm to Modulo C-18, Individualize instruction. 
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On the other hand, the instructor might devise a 
way to work the math Into the unit on alterations. 
Heres an example. Beginning with the importance 
of proper fit, the instructor might show pictures of 
women wearing improperly fitted ctothing. He or she 
might then describe a set of measurements that do 
not correspond to any given pattern size and ask 
questions such as the following: How would this per- 
son took in a size 12? How would you make a size 
1 2 fit her property? 

Then, as the instructor explains how to make spe- 
cific adjustments (for example, evenly reducing the 
pattern 2 inches in the hips), he or she could give 
the struggling student extra help with fractions. 

Mxj can see that the difference between the two 
approaches is that, in the second, the additional 
math help was given as a part of the occupational 
skill being teamed, not as a separate math unit. As 
such, it probably would have had more meaning and 
purpose for the student. 

Use visual and tactile means to reinforce math 
concepts. A major stumbling block for some stu- 
dents is their inability to relate mathematical con- 
cepts to things they already know Math by nature is 
symbolic. To really grasp the underlying meaning, 
students have to be able to "see" the symbolism. 
And they need to see that mathematical facts are 
true no matter what objects they are applied to— 
that the sum of 8 and 4 is 12, whether carts or 
inches are being added. 



Another visual technique, which we have already 
talked about, is to relate mathematical ideas to con- 
cepts the students already know For example, how 
long is 15 millimeters? Some students would draw 
a blank. But, compare it to 16mm film, and students 
who have handled movie film will probably get a 
rough idea. 

Endless examples could be given for visual tech- 
niques. Mxj can probably think of many that natu- 
rally occur in your instruction. 

Provide practical math activities. Mxj are al- 
ready aware of some of the disadvantages of using 
typical word problems to provide practice in problem 
solving in the vocationaMectwica! classroom. For 
many reasons, they tend to be an ineffective test of 
problem-solving skills and often seem irrelevant to 
the vocational-technical skills the students are 
teaming. 

However, your class or lab is a natural source of 
real problems to be solved through math. Situations 
that arise on the job or in daily living can also be 
simulated in class to give students practice hi asking 
themselves the right questions: 

• What do I need to find out? 

• What do I already know that can help me find 
the answer? 

• What more do I need to know in order to find 
the answer? 

• How can I use what I already know to find out 
more? 



■ V v s n *" * ™ n I HSZJZ ^^J^Z^ . > What is the solution ? 



clear. One is to use physical objects for demonstrat- 
ing math concepts and to have students manipulate 
those objects. Hands-on experience is one of the 
most effective means of learning math concepts. 

Say, for example, that a carpentry Instructor is 
talking about dividing a board into equal lengths. 
Demonstrating this concept by dividing an actual 
•board into 6 equal lengths may be much clearer 
than dividing 12 by 6 on a chalkboard. Having stu- 
dents do the measuring and cutting would be even 
more effective. Mxj can probably think of many other 
examples in your own area—using money, cups of 
flour, containers of water, lengths of yard goods, 
quantities or nails, or whatever objects are appro- 
priate. 

Visual demonstrations using such aids as count- 
ers, pie charts, graphs, ""or Bided paper are lafco 
helpful ways for clarifying math concepts. The more 
the students manipulate these materials them- 
selves, the better their chances of understanding 
the concepts. 



The student who can ask the right questions is more 
likely to be able to solve problems on the job using 
other math skills (computation, algebra, and so on). 

Mxj can probably identify many problems that 
arise in your vocational-technical area that can be 
solved mathematically: 

• Increasing or decreasing formulas or recipes 

• Planning amounts of materials needed for spe- 
cific shop projects 

• Predicting results of changes in speed, velocity, 
temperature, or other variables 

• Predicting inventory needs 

• Computing budgets 

. Ybju ciimtsejtfpjjlems s^^ 
o -the-job problem solving. Sample 1 shows how 
problem-solving questions and related math can be 
applied to a classroom problem (in this case, buying 
fabric for draperies). 



• 
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SAMPLE 1 

jp APPLIED PR08LEM SOLVING 



Figuring Drapery Fabric 



What do I need to find out? 

How much fabric should I buy? 

What do I already know? 

3 identical windows, sizes as shown 

Finished length: 72 in. 

Header allowance: 3 in. + 3 in. = 6 in. 

Hem allowance: 3 in. + 3 in. = 6 in. 

Total width: face of rod * 12 in. 

Fabric width: 44 in. 

What other Information to noodod? 

Unfinished drapery length par window 
Number of panels per window 

How can I use available information to team more? 

Unfinished length = 
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Panels per window 



What la the solution? 

Amount of fabric needed 



S4 
X 3 



finished length 
+ header allowance 
+ hem allowance 
total width x 2 



■f 6 
+ h. 



fabric width 



8 4 "unfinished length 

<ob ' & ponds 'ler 

X Z 4417327 window 

faMwidftS — V5Z- U =T5Z ; 



unfinished length 
x number of panels per window 
x number of windows 

156 inches 



84 
x 3 
x 3 



25Z 
X 3 

756" 



36 inches per yard 



36 



1^56 needed 



-32, 



As students participate in solving these kinds of 
problems, they become better able to use their skills 
independently This is important: it will allow them to 
SGivfi problems that arise Jater on the job. 

Problems related to personal interests and daily 
living can also provide the same kind of practice 
For example 

• Planning a schedule to get specific things done 
in a given amount of time 

• Reconciling a bank statement with the chock 
book register 



• Figuring interest on an installment purchase 

• Figuring total, tip. and tax on a salescheck and 
splitting the check among several people 

If time permits, you might have each student bring 
such a problem to be solved by the class The ciass 
can work together to set up the problem identify 
available and needed information. <ind compute the 
answer 
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Optional 
I Activity J 



If you am interested in improving your own skills and knowledge of basic 
mathematics, you may wish to review a basic mathematics textbook used in 
your school or college. 

reference: Boyce et ai M Mathematics far Technical and Vbcationat Schools. 
This text is written in simple language and is intended for people who will be 
working with took and machinery. Chapters 1 through 4 deal with common 
fractions, percentages, and ratios and proportions. Also addressed are ge- 
ometry, graphs, Treasuring instruments, and a variety of industrial applica- 
tions of math. Sarrtnfs problems' are vocationally oriented. 



( Optional 

V Activity ■ 
^ 3 J 



If you desire additional help in preparing to assist your students in improving 
their basic math skills, you may wish to consult a math specialist. Such a 
specialist may be able to provide the following kinds of assistance: 

• Sample assessment devices or assistance in devising your own means 
of assessment 

• Assistance in evaluating instructional materials for basic math skills im- 
provement ■ 

• Advice and resources for adapting or supplementing existing materials 

• Sources of basic math materials and activities related to your content 
area ! 

Vbu should be able to locate a math specialist who can help you within the 
mam department of your own school or college. 




Assume that you fcre teaching in a vocational-technical program in your own 
occupational specialty. Identify a unit of instruction in your program that re- 
qu i res t h e use of ma th skill s. Tl wn , i dentify If w partiuulai math skills required 
for students to achieve the student performance objectives in the selected 
unit of instruction. Be sure to include not only broad areas of math skill (e.g., 
computation), but also specific skills (e.g., addition of whole numbers). 




After you have identified the math skills required for students to achieve the 
student performance objectives in a selected unit of instruction, use the Math 
Skills Checklist, pp. 19-20, to evaluate your work. 
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MATH SKILLS CHECKUST 



Directions: Place an X In the NO, PARTIAL, or FULL box to Indicate that 
each of the following performance components was not accomplished, par- 
tially accomplished, or fully accomplished. If, because of special circum- 
stances, a performance component was not applicable, place an X in the 
N/Abox 



LEVEL OF PERFORMANCE 



In Identifying the required math skills, you: 

1. reviewed the student performance objectives included in the unit of 
instruction 

2. identified broad areas of math skid required for achieving the objec- 
tives, including the following, as appropriate: 

a quantification 

b. computation 

c. measurement 

d. estimation 

e. problem solving 

f. comprehension of equivalents 

a. organisation of data 



h. algebra 

i. geometry 

Identified specific math skills needed for achieving the objectives, in- 
cluding, as appropriate, the ability to: 

a. read and write numbers, count, and order numbers 

b. add, subtract, multiply, and divide whole numbers 

c. add, subtract, multiply, and divide fractions and mixed numbers . . 

d. add, subtract, multiply, and divide decimals 

e. make, use, and report measurements (e.g., of time, temperature, 
or other urate pertinent to the specific objectives to be achieved) 

f. estimate measurements and quantities 

g. use problem-solving techniques in solving on-the-job problems . . . 



□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


I — I 

u 


1* — | 


l — 1 

u 


n 

1 — i 


n 

i — i 


n 

i — i 


n 


n 


n 


n 


n 
i — i 


□ 


□ 


□ 




□ 


□ 


□ 




□ 


□ 


□ 


□ 


□ 




□ 




□ 






□ 


□ 


□ 


□. 


□ 


□ 
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h. relate measurements on different scales (e.g., metric and English, 
fractions and decimals, feet and yards, or other scales used m the 
selected unit of Instruction) 

I. apply algebraic and geometric principles to practical, on-the-job 
problems 



□ □ □ H 



• 



□ □ □ 



Level of Performance: All items must receive FULL or N/A responses. If any Item receives a NO or 

PARTIAL response, review the material In the IriformatJon sheet, toiproving Basic Math Skids In vocational 
Education, pp. 7-1 7, or check with your resource person If necessary. 



■ Activity J 



For the unit of instruction you selected, develop in writing an activity for 
assessing students' tevete of proficiency in the math skills required to achieve 
the student performance objectives in that unit. \our activity may include 
written tests and/or other classroom or lab activities through which you can 
assess proficiency in the identified skills. 




After you have developed your assessment activity, use the Assessment Ac- 
tivity Checklist, pp. 21-22, to evaluate your work. 
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ASSESSMENT ACTIVITY CHECKUST 



Directions: Place an X in the NO, PARTIAL, or FULL box to indicate that "*"* 

each of the following performance components was not a ccomplished, par- 

HaHy accomplished, or fu»y accomplished. If, because of special circum- °>» 
stances, a performance component was not applicable, place an X in the 
N/A box. 



LEVEL OF PERFORMANCE 

— * '* 'f'J 

>bur assessment activity : .. 

1. includes ooe or more of the following assessment devices: 

a. informal situations devised to assess students' ability to perfomi i— I I — i i — i BB 
the required skills LJ |_J LJ 1 I 

b. existing tests covering the required skills □ □ □ a 

c. tests specially developed to assess the required skills □ □ □! 

2. covers all the math skills identified within the selected instructional i — ■ ■ — ■ ■ — . HiB 
untt * U U U II 

3. includes activities/test Items that focus on ways the identified math « — ■ ■ — ■ ■ — . HSfl 
skills are actually used on the job LJ I I I I 1 

4. includes activmes/test items that require students to apply proo4en>- . — . > — . . — . 1 
solving techniques I I " j | | | WSfit 

5. indudes problems that ana realistic and relevant to. . — . . — . . — , I 

a. the selected unit of instruction I ! I I I | HB| 

b. students' vocational interests □ □ □ H 

6. provides opportunities for self -evaluation □ □ □ II 

7. includes one or more of the following strategies for making the situa- Brag 
tion as nonthreatening as possible: . — . . — II 

a. presenting the activity/test in the context of regular activities I I I I I I I 

b. explaining the relationship of math to other program act ftes . .. ... □ □ □ 

c. using just one or two problems to test each math skill □ □ □ I I 

d. using several short activities/tests rather than one long one . . . .... □ □ □ H 

e. ensuring that reading levels, vocabulary, and testing methods i — < i — i « — i I 
match students' capabilities LJ LJ LJ I 

f . explaining assessment purposes and procedures in advance CD ED ED jj^B 

g. reviewing vocabulary, if needed □ □ □ H 

h. reviewing assessment results with each student □ □ am 
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Level of Performancec AD items must rrxtfve FULL or N/A responses. If any Item receives a NO or 
PARTIAL response, review the materia* in the information sheet, Improving Basic Math Stife in vocations) 
Education, pp.*7-l7, or check with your resource person if necessary. 
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ActMty 



Onoe you know what bask; math ski** your students need and where they 
need help, there aw a ve/fety of technique* you cen uee to help them im- 
prove in specific sioDs. By and targe, you can do this within the context of 
your regular vocations -technical content. For information on helping stu- 
dents to improve specific math rttts, read the following information sheet 



IMPROVING SPECIFIC MATH SKILLS 



Let us say that, through your assessment activt- 
tkoSp you httvo IcJofHiftecJ iriitttr ttWIte ttist your 9toJh v 
dents need to improve. >bu have aseeesed your 
own math skilts and are prepared to work with the 
students indMauaJfy and Jn a positive atmosphere. 
How can you do this in the context of your ongoing 
vocatfoaMechnlcaJ program? 

First, you will need to identify exactly where each 
student is having trouble so that you can give each 
student just the lend of help he or she needs. There 
are several things you can then do to help students 
improve specific math sk«s: 



• Pinpoint the di«teutty. 

v use (Hfnpw mpfonmons, visuw skis, ano nw 
nipuiative activities to explain niathematical 

• Work on specific problem areas and build to the 
largerskM. 

• Provide practice activities. 

Lets take a closer look at each of these tasks in 
relation to specific math skis. 



Pinpoint the Difficulty 



Mxir initial assessment is usuaHy confined to the 
broader areas of math with which you&students 
need help For example, an jnatntctor might have. 



found initially that one of his/her marketing and dis- 
tributive education students was having difficulty 
making extensions. The student needs this sk«l for* 
figuring discounts, quantity prices, and the tax in 
completing an invoice. In the instructors assess- 
ment, he/she found that the student was having 
trouble multiplying fractions and decimals. 

But the instructor stm needs more information. 
Does the student need the basics of rmrltipiicatJon? 
Are multiplication tables the problem? Or is it some- 
thing like carrying numbers or placing decimal 
points? 

One way to pinpoint the problem more specfftealfy 
is to use diagnostic teste. Mxi may be able to ob- 
tain such tests from a math specialist. They are de- 
signed so that the students pattern of right and 
wrong answers shows exactiy what part of the op- 
eration the student is doing incorrectly. 

Another way to pinpoint the difficulty is to develop 
a checklist of the component skills, or subtasks, 
with which to "zero in" on the problem area. Mxi can 
develop such checklists by listing the mathappica- 
tkrns— from simple to comptax^-usedin your pro- 
gram and the subtasks that make up those applica- 
tions. It may also be helpful to review a basic math 
text to identify subtasks. Samples 2 through 4 illus- 
trate checklists for selected math applications. 



i 




^1068 ffflflity uxmUd. in oonofHL tnov 
the basic prootem solving steps (deter- 
you need to find out what you already 
is useful, what more you need, to know to 
problem, and so on). But the specific sub- 
tasks wtti vary because they win be ctosery tk*d to 
the particular proWem^ being solved. Sample 5 
shows the subtasks for mathematically solving a 
given occupational problem. 



24 



26 



SAMPLE 2 

MtfTH CHECKLIS T 



AdcSng Whole Numbers 



The student: 

1. demonstrates knowled ge of the baste add W on facts 



2. adds a single cotumn of whole numbofs on paper . 

3. adds whole numbers mentally , 

4. 



adds mtdtipte-cRgit whole numbers: 
•sl Hnes up numbers correctly 



b. starts with right-hand column, works left 



c. adds two digits In the column at a time, gets a sum, and adds the next 

number to It 



d. writes total sum for column directly betow column 



e. if sum has two digits, writes only the second digit under the cotumn and 
caniesme«r9t-diglttoHheriextcrtttmn.:... 



f. adds "carried over" digits when totaang the column.. 

g. reoeats process for each column 

» 

h. for final (left-hand) column, writes both digits of sum to complete the. 

i. checks answer byaddkig in revww direction 




You can develop checklists such as those shown 
in samples 2 through 5 for any math competencies 
that you identify in your occupational area. With the 
math operations broken down into subtasks in this 
manner, it should be easy to pinpoint what skills and 
subtasks are giving students trouble. 

Another way to pinpoint difficulties is to have stu- 
dents demonstrate how they work problems. If 

you have a student who is having trouble with divi- 
sion, for example, it can be very enlightening just to 
watch the student work a few division problems, If 
you discovered the students difficulty initially 
through a test, you could simply follow up by having 
the student show you the process he or she used in 



solving those. division problems. With your checklist 
of division subtasks in hand or in mind, it should be 
fairly easy to pinpoint where the student needs to 
improve. 

One student might need help with the basic num- 
ber facts. Another might need to review the whole 
concept and process of division. Still another may 
simply be getting hung up on a particular subtask. 
such as bringing down numbers or inserting zeros. 
It would be pointless to give each of these students 
a detailed explanation of how division works By pin- 
pointing the trouble, you can tailor your instruction 
to each student s needs. 
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SAMPLE 3 

QHEGKMST 





and Re^jo^ng a ^ea$ur&m@frt 



tr' : HliiK*ih^ wter « tap®, micrometer) for 
ttfe length to be measured and thad8ii^©fac^ra(^ needed 

2r ^ •••• 

3. iriiftf* correctly ^ 

4. If necessary, convert^ roeasitrement to more practical units (usually by multiply- 
ing or Svfdmgi 

5. identifies units of measure In tne reported measurement 





NO 


SvM 


□ 


□ 






□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 


□ 



SAMPLE 4 

MATH GHEGKUST 



Tax Tabte to PeiofmSne 1&x on "fexabf© Stems 

The student: :C\_/j L i' 'lillL:! _ Pi n |"T 

2. ;'i^«cM^'4^^ cso^n one a*fe of table r D D Q 

3. tKtecOfrert«witerangt^ / ODD 

□ n n 

*». l«* *».>VW... w^v, w, .... ~ ■ 1 1 1 1 

5. enters tax property on sales check D D LJ 
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SAMPLE 5 

MATH CHECKMST 



of aGSvert RkkJ 



The ettgdeni: 

1. uses a portioning 



iiljjfiior'! 

2. determines tte : sfe@#^ 

3. determines the rwiwi^ ^ 




4. determines the price of titt 6ii?e parage t& 




5. determines the price per saving by divkffog if te price of the package by tie 
number of servings in the package 



Explain Mathematical Concepts 



You are likely to find that some students really do 
lack basic understanding in one or more areas of 
math Perhaps a student can't handle division be- 
cause he or she has never really understood the re- 
lationship between multiplication and division. Such 
a student will need some basic groundwork before 
he or she will be able to handle the division process 
very well. 

You will have to decide whether you can provide 
the help the student needs or whether you should 
refer fhe student to a specialist for moie intensive 
instruction. !f you do refer the student, vou will prob- 
ably want to plan some supportive activities *o use 
in your own program. 

If you determine that you can assist the student, 
you need to plan learning activities that include the 
following: 

• Simple, clear explanations and basic rules 

• Explanations or applications related iO program 
content 

Demonstrations of step by-step procedures 
Visible or tangible teach:ny aids 

• Manipulative activities 

Sample 6 shows an excerpt from a handout incor- 
porating several of these strategies, which might be 
used in an automotive program to help explain a 
math concepi The handout could be used in com- 
bination with an oral explanation, a chalkboard dem- 
onstration, and the use of real objects 



9 



Manipulating objects is another effective way for 
a student to learn underlying matn concepts. You 
can probably think of many hands-on activities ap- 
propriate f o your own program that coufd be used to 
teach math concepts For example 

• Adding coins, nails, or the inch markings on a 
ruler 

• Subtracting money pipe lengths, cr patient in- 
put output 

• Multiplying ingredients, tax, or stock 

• Dividing a board length, a pie or a template? into 
equal parts 

■» Measuring wire, floor space, or paper 

• Folding paper or fabric into equal parts or geo 
metric shapes 

One point you will need to consider in teaching 
math basics is how much your students really need 
to know for occupational competency, Take, for ex- 
ample, definitions or labels. Your students rr ay not 
really need to know the terms multiplier, nultipli 
cand, and product. 

On the other hand, you may decide that using 
those terms makes it easier for you to teach the pro- 
cess of multiplication. In that case, you would prob- 
ably explain the terms so that the students would 
know what you are talking about. But you would 
probab'y not require them to know the terms in order 
to demonstrate competency in multiplication. 
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SAMPLE 6 

• ••••• >:Vt: ;■• ^v*^ ■ ^^v-' 




'>:.,• .w.t. 



y" *«'.;, x ' 



catloi*< 





if you er© 

below stwwra a«»iea»nWr^torafi^ 2to 10. . 



Procadures: 
Now let's look at some sample p.obfems 
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Work on Specific Problem Areas 



have talked about starting at the beginning— 
the basic math concepts— tor students who have a 
rw gap in their rnatiiemaficaJ knowledge. For many 
students, however, this would be both unnecessary 
and ineffective. A student who is turned off by math 
may Just stop listening when you start talking about 
fundamentals. Besides, the trouble spot may not be 
mat basic. 

- A n ot h e r app ro a ch is to b egi n ri g ht where the otu 
dent is having problems. Imagine that a student is 
showing you how she solves an addition problem 
and you see that she isn't carrying numbers cor- 
rectly. That* a good place to start. If you work with 
her on carrying numbers, you may find that her 
overall skill in addition improves significantly. By 
bufkSng competency in the subtasks, the student 
builds competency in the larger skid. 

Basic Number Facts as a ProWom Area 

We aH know that you can't do math unless you 
know basic number facts (4 + 5 = 9, 7 x 7 = 49, 
and so on). The number facts for addition and sub- 
traction usually are not a big problem because they 
only involve combinations from 0 to 10. Multiplica- 
tion facts, of course, are another matter; they seem 
to be a major stumbling block for most math- 
deficient students. 

This presents a dilemma for a teacher trying to 
help students improve their math skills. Do you work 
with the students to help them team the number 
facts? Or do you help them find shortcuts— ways to 
get around teaming the tables? Or do you perhaps 
try to do both? 

It may be unrealistic to expect some students who 
are having trouble with math to memorize multipli- 
cation facts at this stage of the game. It may have 
been the insistence that they must team their tables 
that created the barrier in the first place. 

Then how do you help these students? The an- 
swer lies partly in the occupational math require- 
ments. If the worker is going to nave to recall num- 
ber facts quickly in order to do on-the-spot 
calculations, then there may be no way around 
teaming the tables. In other job situations, using 
shortcuts and aids may be an acceptable alterna- 
tive. 



For example, you might suggest that your stu- 
dents refer to a multiplication number chart (see 
sample 7) as they do their math. Most students will 
quickly learn some of the easier combinations, such 
as the 2s and the 5s. By using the chart, they are 
apt to team other combinations to which they refer 
often. Number charts can also be used for addition 
and subtraction, as shown in samples 8 and 9. 

- \fou might also suggest that the students count on 
their fingers, make Hnes on paper, or construct a 
number Una (see sample 10) if they need to. 

Hand-held calculators are another option. Vbu 
may argue that a person is better off having the 
facts handy— in his or her own head— than depend- 
ing or. a calculator. This is probably true, but if the 
^calculator makes the difference between being able 
to work math problems and not being able to (and 
especially if calculators can be used on the job), 
then the calculator can be a valuable tool. In fact, 
research has shown that the use of calculators 
helps, rather than hinders, learning. 

Besides, student use of calculators te increasing 
dramatically. As calculators have become smaller 
and teas expensive, many more students have 
gained access to them. Some even have them built 
into their wristwatches. 

So, you are likely to have students who are going 
to use calculators no matter what you decide about 
their appropriateness. But students shouldn't de- 
pend totally on a calculator, because things can go 
wrong. A student may push the wrong button or not 
push hard enough. A student may push two buttons 

at once or the same button twice. Or the battery may 
be weak. 

Ability to estimate is the key to recognizing 
whether the calculator's answer is correct. (If a stu- 
dent expects an answer to be somewhere around 
4,000 and gets an answer around 4,000,000, ft 
should be clear to him or her that something is 
wrong.) And in order to estimate, students need to 
kr :w basic number facts. 

Consequently, whether or not calculators and 
charts can be used on the job, knowledge of the 
number facts is still valuable. Learning those facts 
through memorization, flash cards, and other rote 
methods, is effective with some students. 
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SAMPLE 7 
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SAMPLE 8 

ADDITION CHART 



Directions: To add two numbers, find one number along the top edge aid the other along the left edoe 
Run your fingers along the two rows until they meet. 

Example: 8 t 4 

• Find 8 on the top edge. 

• Find 4 on the left edge. 

• The "8" row (going down) and the "4" row (going across) meet at 12. The answer is 12. 
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SAMPLE 10 

NUMBER UNES 



Number fines are two s" irate, movable strips of paper (rulers can also be used). Tbey a/e moved In 
relation to each other to add or subtract. ^ 

Example: 4 + 6 •'V : V:* : :-..J- 

• Place two number lines on the table* or^ abdvetrie other. .' r v:;4v-^]&i« : . ; C: 

• Find 4 on the first line. '7--. '77 77 " . \ 1 ^ul^lv^^^C 

• Place the front end (the zero point) of the second nmtm line directly below the^an ! the first W*. 



1 2 3 (4) 5 6 7 8 9 



12 S ^ 19 20 

>4m*m*~**m0 Cm mm \ mm m 



1 2 3 4- S jg) 7 8 ^'i'^ /ii, 1 ^^^ 



• To subtract, reverse the process. 



However rote methods may repel other students 
iii'ri actiiiiiiy prevent them from learning. ^ or these 
students using memory aids (charts ami ca'cula 
torsi may no! seem to thorn like? a tedious learning 
exorcise Thus :ney may retain at least some of trie 
most commonly used combinations, so that they 
eventually 'ofe' to the aids .ess As students ] ea r n 
Uu..>ir number facts timed o.^s recorded on a cruvt 
to show progress may also heiu students retain 
tfiese t,h"ts 

Beyond t'H's*' methods a 'pw hints may hfip 
yf\; f studf -r >fs t - T cyamp't: you mjqh? jjnint nut th.i! 



addition and multiplication combinations are the 
same in reverse Students need to Know that if 
7 • b escapes them they can turn it around 
maybe t> ■ 7 is easier Likewise '< - b is the same 
as :> / 

Ychj can a { so suqqest that students move up o< 
down a notch on their mental tables when they (;<*t 
stuck For exampie. it 8 - (5 is hard they need to 
know that they can try 8 • b and then add anothe' 
t) The tno. with both of these strategies <s fo r s!u 
Oents to leaf - to wu'k 'rem what th*»y clo kivjw 
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Computation ProWero Areas 

Aside from lack of basic number kids, other prob- 
lem area* may surface. Once identified, such prob- 
lem areas usuafly can be easily corrected. The fol- 
lowing are some typical problem areas related to 
c«nputattoo and some strate gies for Improving stu- 
dents' skills m these areas. 

Addition of whole numbers. Problems with ad- 
dttton often result from not urKterstanding place val- 
ues or from misunderstanding the procedures for 
carrying numbers. The fritowlng are typical errors: 

• Lining up the numbers Incorrectly — In this 
problem, the student Hned up the numbers on 
the left instead of on the right. This gave the 
numbers 8 and 2 values of 80 and 20. 

47 , / 




• Forgetting to carry— The student added 
7 + 8 + 6 + 2 and got 23. Instead of writing 
the 3 and carrying the 2, the student wrote 23. 
This gives a sum of 723 instead of 93. 

47 
8 

36 
j 2 
723 

• Carrying the wrong number— The student 
added 7 + 8 + 6 + 2 and got 23. Instead of 
writing the 3 and carrying the 2, the student 
wrote 2 and carried the 3. This gives a sum of 
102 instead of 93. 

3 47 
8 



It may help students to review the concept of 
place values and procedures for carrying numbers. 
They should be able to see the problem In this way: 

47 - 40 + 7 

8 = 8 
36 * 30 + 6 

2 - 2 

70 + 23 = 93 

As the students work problems, they should be 
encouraged to write carried numbers legibly above 
the column so they donl forget to add them in. And 
they should check afl answers by adding again in 
the opposite direction. 

Many students also find it helpful to group num- 
bers for easier mental or written addition. Using this 
strategy, students took for easy-to-bandkt combina- 
tions of numbers, especially 10s. Sample 11 Sus- 
trates an addition problem solved using the group- 
ing method. Although this sample Is written out to 
show the process used, in actual practice the stu- 
dent would not necessarily write out the entire pro- 
cess. The groupings could be done mentally or with 
brief notations. 

Subtraction of whole numbers. Borrowing 
tends to be the most difficult aspect of subtraction 
and the area where most students have trouble. Be- 
low are some of the mistakes that students fre- 
quently make. 

• Lining up the numbers Incorrectly— In this 
problem, the student aligned the numbers on 
the left instead of on the right This gives 347 a 
value of 3470. The answer of 1790 is quite dif- 
ferent from ttre correct answer of 491 3. 

52feO 
-347 

WO 

• Subtracting a number from zero and getting 
the same number— Here the student sub- 
tracted 7 from 0 and got 7, instead of borrowing 
and then subtracting 7 from 10. 

5260 
- 34? 

482? 



36 
102 



34 



36 



SAMPLE 11 

GROUPING NUMBERS IN AN ADDITION PROBLEM 



SAMPLE PROBLEM: 



47 
53 
62 
56 
36 
21 
+ 19 



SOLUTION: 



1. GROUP NUMBERS 



15 = 

10 - 
1 = 



4 
5 
6 
5 

1 



} 



a 



10 

2 
12 

10 



2. ADD RIGHT COLUMN AND CARRY 

10 
2 
12 

(3) 10 



carry 



3. ADD LEPT COLUMN 

15 
10 
1 

(+3) 



; •• v . * r; ■' v>\-;_y -^r-y > j 



29 



4 = 294 



9 
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«MJUuw*ui»g mo lop nuiMJur irom uw Donmn 
number — The student subtracted 2 from 3, in- 
stead of borrowing and fieri subtracting 3 bom 

12, 



- 34? 
51 13 



K may help your students to review tie concept of 

jei*A^fe*4iBMB^ ^MiMi a^Mh jk^kjJ afte^aefe. Aek^MkjflMje^ a^te ^uft^dk .asias jaeaA aAe^BaMMai^^ft*a^^B^4asi Mjttk ^bb 

pace vamuo ana ne oaaic twee of stiwaceon (o*g*, 
ataaMB work from rioht id left: be euro the loo nunv 

a number does not change the number). Demon* 

taut In addition, you should encourage students to 
do the following; 



e f^oglootiftg to botr^yey^^This stu d ent didn't 
borrow to make it poesfc to to subtract 7 from 

0 (imposstoie) and decided the answer must be 
0. The same mistake was made in trying to sub- 
tract 3 from 2. 



chance of error 




52<bO 
- 34? 
5OZ0 



• Forgetting to decrease the 
' rowed from— This time the student borrowed 

and correctly subtracted 7 from to to get 3. But 
then, instead of decreasing the 6 and subtract- 
ing 4 from 5, the student subtracted 4 from 6. 
The same mistake was repeated in borrowing 
from the 5. • 

5260 
- 347 
5923 

• Neglecting to borrow from more than one 
place value — This student should have bor- 
rowed from three place values In ortfer to sub- 
tract 3 from 10, 0 from 9, 0 from 9, and 6 from 
8. Instead, the student borrowed incorrectly 
from one place value. o 



• VWtte In the 
they work, to 



to 

• Check aN answers by adding the answer and 
me bottom number to get the top number. 

34? 
+ 4^13 
5260 

• Estimate answers before they begin, to catch 
any gross errors in subtraction. For example, in 
this problem, 597 is about 600 and 306 is 
about 300. Thus, the answer should be about 
300. 

-308 



Multiplication of whole numbers. The most fre- 
quent problems in rnuttipttcatton are in carrying — re- 
membering which number is carried and what to do 
with it when multiplying; the next set of numbers. Be- 
low are some typical errors made in multiplication 
problems. 



4q,ooo 

- <b,OQ3 
43, 0<3 7 



• Not carrying— In this problem, the student 
multiplied 3 x 5 and got 15. Instead of writing 
the 5 and carrytng the 1 f the student wrote 15. 
The same mistake was made when multiplying 
2x5. 



36 





9 

• Adding the carried number before muMply- 
*ng— The student correctly muftJpasd 3x5 
(15), wrote the 6, and canted the 1. However, 
instead of first multiplying 3 x 6 (18) and then 
adding the carried number (18 + 1 = 19), the 
student added the carried number first 
(6+ 1 « 7), then multiplied (3 x7 = 21).The 
same mistake was made when multiplying 
2 x 65. 

x 25 • 



215 

1615 



• Muftfpfytng the carried number Instead of 
adding it— This student correctly multiplied 
3 x 5 (15), wrote the 5, and carried the 1. How- 
ever, the student then multiplied the earned 
number (3x1=3) before multiplying 3x6 
(18). The same mistake was made in multiply- 
ing 2 x 65. 

65 
x fb 



1835 
1ZZO 
13 ( 035 

• Forgetting which number was carried— In 
this problem, the student correctly multiplied 
3x5 (15). wrote the 5, and carried the 1. Put 
in the next step, the student reversed numbers 
and multiplied the carried number first 
(3 x 1 * 3) and then added the 8 to get 9, in- 
stead of calculating correctly: 3x6 = 
18 + 1 - 19. The same mistake was made in 
multiplying 2 x 65. 



23 
8^5 



• Fofgettlng to incfem the second set* 
bore to t he product—This student did si the 
muMpNcattons correctly. However, Instead of 
beginning the second product under the&Jnthe 
number 23, the student signed It with the 3. 
This gives the wrong place values to the sec- 
ond product and a very wrong answer of 325 
instead of the correct 1485. 

W5 
T3Q 



3Z5 

Again, reviewing place values and the procedures 
for carrying numbers may be helpful to your stu- 
dents. They should be encouraged to do the follow- 
ing: 

• Wttte carried numbers above the next column. 

• Check answers by reversing the problem and 
rnultipfying again. 

For multiplying mentaBy, it may be helpful for stu- 
ctents to separate the factors into combinations that 
are easier to work with or to muttipiy by founded off 
numbers and then to adjus* the answer. Sample 12 
illustrates these two 

Division of whole numbers, th division, 

dents make more varied mistakes because 

also involves multiottcation and subtraction. Any 
fteutty that students are having with these < 
math operations will also show up in division, 
following are examples of some typical errors in/di- 
vision problems. 

• Not keeping numbers In correct . 
<* this problem, the student placed the 6 

rectty above the 4 of the dividend 
above the 0. This caused the student to 
an extra 0 in the quotient and it appears that 
40 * 6 = 60. 



06" 



18 

4b 

4 
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SAMPLE 12 

SPLITTING 




AND ROUNDING FACTORS 



Splitting Factor* 



//:..■■ r 




m + 98 * 570 



Falling to bring down a zero to maintain 
place values — After correctly dividing 
(7 3 2. with a remainder of 1), the student 
should have brought down the 0 and divided 3 
into 1 0. By overlooking the 0 and bringing down 
the 9. the student lost the place value repre- 
sented by the 0. 



3/ 



709 
1 



• Failing to place a zero in the cr jlient This 
student correctly divided ( 1 05 52 2, with a 
remainder of 1 ) and brought down the 6 At that 
po.nt, he she should have tried to divide 16 by 
52 and entered a 0 above the 6, then brought 
down the 2. By neglecting the zero, the student 
gave the final 3 in the quotient the wrong place 
value. 



_ 23 - 
52 F\05<6Z 
-104 



162 
156 
<o 



« Choosing the wrong quotient— The student 
incorrectly divided (40 6 - 5), leaving a re- 
mainder larger than the divisor, From there, the 
solution went from bad to worse. The student 
divided 106 by 6 (17) and wrote this two-digit 
number in the quotient. 

51 ? 

(o)AO(o 

W(o 

- }QZ, 
A 

9 Subtracting incorrectly — In this problem, the 
student incorrectly subtracted (7 6 2) 
This type of error can be easily missed by stu- 
dents, because it may not interfere with com- 
pleting the rest of the oroblem 



ZO 

-7 8 
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iluroptytng incorrectly— The student incor- 
rectly multiplied in this problem (6x6 = 38). 
As wNh subtraction errors, this type of mistake 
often goes undetected if the student is able to 
continue with the problem. 



64 



26 



• Mot recognizing too large a remainder— 

Here the student chose the wrong quotient 
when dividing 46 by 6, leaving a remainder 
larger man the divisor. 




A review of place values and careful demonstra- 
tion and explanation of the division process may be 
helpful to your students. They should also be en- 
couraged to do the following: 

• Check all remainders against the divisor to be 
sure a high-enough quotient was used. 

• Check subtractions and multiplications. 

• Check final answers by multiplying the quotient 
by the divisor, then adding the remainder to get 
the dividend. 



Addition and subtraction of fractions and 
mixed numbers. Difficulty with adding and sub- 
tracting fractions and mixed numbers often has to 
. do with denominators (e.g., converting to fractions 
with common denominators and converting to im- 
proper fractions). Students who have trouble with 
— -multip«callon are also apt to run into ♦rouble when 
converting fractions. The following a ?, > *me typical 
errors. 



• Mot converting to fractions with common 
denominators before computing— in this 
problem, the student triad to subtract fractions 
with dWerent dertomirtators. This then led the 
student to subtract the denominator. 



8 5 3 



• Mot leaving denominators constant when 
computing— Here the student added the de- 
nominators, getting an answer of r Ae instead of 



• Computing new numerators incorrectly— ki 

converting 2% to an itnproper fraction, the stu- 
dent did not add in the old numerator (2). The 
student should have computed as follows to 
ftndtf»enewrHjmerator:5 x 2 10 + 2 = 12. 



5 5 



• Not convortlng mixed numbers to Improper 
fractions before computing— In this problem, 
the student converted the fractions within the 
mixed numbers to fractions with common de- 
nominators (% m y 12 and % = , %a). But be- 
cause the problem still contains mixed num- 
bers, the student will probably get Into trouble 
when trying to subtract *i2 - %< Yu. 



4f-t£ 

44 -i§ 



39 



1 1 il ■• -7- * 



' in? 



problem, me student snouw nave leouoso 
to a mixed number 7%. 

f 



3i Hi - 



Multiplying Incorrectly — Lack of skill in mu*- 
tipBcatton got this student into trouble when 
converting % to a fraction with a denomkta- 
tor of 6. The student incorrectly multiplied 
3x9= 18, getting the wrong numerator. 



3 
3 



20 



4- 



1S_ 



For most fraction difficulties, it wW be helpful to 
review comparative sizes or fractions. Students 
need to have an idea of the relative sizes of com- 
mon fractions: that V4 is larger than W, that % is 
larger than 1 /< and so on. Mxi can demonstrate 
these relationships using charts, circle graphs, other 
visual aids, or objects pertinent to your occupational 
specialty. 

Depending on the area of difficulty, you may wish 
to review such concepts and procedures as the fol- 
lowing: 

• Basic concepts and procedures related to de- 
nominators (the number of parts into which you 
are splitting the whole) 

• Convening to common denominators 

• Converting to improper fractions 

• Reducing fractions 

• The rule that the vakie of a fraction remains the 
same if both numbers are multiplied by the 
same-number 

It is usually helpful to begin with problems that 
have like denomuiatot&andthen to_proceed to prob- 
lems with different denominators after the first type 
has been mastered. 



wuiiipm hum 1 of (racoons via nana 
bars. MuNpfying fractions is a slrnpto process If the 
student knows fte mu*ip8ca&on tabjes, Asfcte from 
errors caused by lack of skW In muWpHcatton, most 
errors relate to conversion of mixed numbers and 
imorooer fractions. Difficulties wtth division wiB show 
up when converting answers to proper fractions. 
The foflowtng are some typtosj itmubkos. 

• Multiplying Incorrectly— in this problem, the 
student incorrectly multiplied (4x8 = 36). 



T X 8 » 



Not converting mixed numbers to im p r op e r 
fractions before comp uting Here the stu- 
dent should have converted 1% to "ft before 
multiplying, instead, the student multiplied ttie 
fractions and simply transferred the whole num- 
ber to the answer. 



it 




Not reducing final answers to proper frac- 
tions — In this problem, the final answer should 
have been reduced to 1 9 /ie. 




If 



Aside from working on multiplication tables and 
division procedures as needed, students may need 
to review a few principles of working with fractions: 

• In multiplying fractions, multiply both the nu- 
merators and the denominators. 

• To convert a mixed number to an improper frac- 
tion, multiply the whole number by the denomi- 
nator, and add the old numerator to find the new 
numerator. 

• To reduce an improper fraction, divide the nu- 
merator by the denominator. 



42 
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OMttofi of fractions and mixed mimb*re. Stu- 
dent division mistakes are often caused by simple 
nwWpfcaJion errors Oi failure to first invert the divi- 
sor. The following are examples. 

this 



Not inverting before multiplying— In 
problem, the student forgot to invert 



20 



• Multiplying Incorrectly— Here the student in- 
verted the divisor but then multiplied incorrectly 
(3x5 = 18). 



-5. -l. _ 
4 / JT ~ 

A ^ ~~ ir 

Reviewing the need to invert the divisor and the 
processes for muttlpJytng fractions may be helpful to 
your students. Again, working on multiplication 
tables nay be important for some students. 

Addition and subtraction of decimals. Any stu- 
dent who works with money or financial records 
needs to be able to work with decimals (also called 
decimal fractions). Aside from ordinary addition and 
subtraction procedures, most difficulties with deci- 
mals relate to placement of the c^cimal point and to 
dealing with zeros. Below are typical errors in deci- 
mal problems. 

• Failing to line up decimal points— By align- 
ing the decimals incorrectly, the student gave 
17 a value of only .17 and 4.5 a value of only 

.45. 

I 7. 

+ ^ 5, 



• FaWng to extend numbers wtttt zeros tn 
subtraction problems— in this problem, the 
student should have extended 4. to 4.00. This 
MXildhaveniaoeltpc^s^tODorrowandthen 
to subtract 6 from 10, 1 from 9, and 3 from 3— 
for a correct answer of .84. 




• Adding or subtracting incorrectly— Here the 
student subtracted (7-2 = 5) instead of add- 
ing (7 i 2 = 9). 



G.Z7- 
6.55 



When having trouble in this area, students need 
to remember the following: 

• A whole number has a decimal point after it. 

• All decimal points must be Hned up in both ad- 
dition and subtraction problems. 

• In the answer, the decimal point is placed di- 
rectly beneath the decimal points in the prob- 
lem. 

Multiplication of decimals. Again, the main 
problem (other than not knowing the multiplication 
tables) is placing the decimal point in the answer. 
Following are typical errors in multiplying decimals. 

• Failing to count decimal places in an- 
swers—In this problem, the student multiplied 
correctly but placed the decimal point in the an- 
swer below the decimal point in the multiplier. 
He/she should have counted the decimal 
places in both the multiplier and the multipli- 
cand (three places) and placed the decimal 
point to the left of the 4 in the answer. 



4. |3 

* 5-Z 
2065 
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• Multiplying Incorrectly— Here the student 
forgot to cany when multiplying 5 by 4,13. 



8Z<* 
20S5 

Aside from working on the rmiltipfication tables, 
students need to remember to count the total num- 
ber of decimal places m the two factors and then to 
count the same number of places In the answer to 
locale the decimal point correctly. 



Division of decimals. The major stumbling 
blocks in the dMston of decimals am difficulty with 
division of whole numbers and placement of the 
decimal point The following are two typical errors 
that students tend to make: 

• Not moving decimal points— in this problem, 
me student failed to make the divisor (.15) a 
whole number (15) by moving the decimal point 
two places to the right and also failed to make 
that same change in the dividend (30.37). 
If done correctly, the problem would have 
been stated and solved as follows: 
3037 + 15 - 202 (remainder 7). 



-30 



37 
-30 



Not placing the decimal point hi the quo- 
tient — Here the student correctly moved the 
decimal points in the divisor and dividend. But 
he/she failed to place a decimal point in the 
quotient. The correct answer would be 27.8, not 
278. 



2,78 




Students need to remember the following basic 
rules of dividing decimals: 

• Move the o*c*nalpoimm 

to the right to make it a whole number. 

• Move the decimal point in the dividend the 
same number of places. 

• Place the decimal point In the ojiottert directly 
above the decimal point in the dividend. 

It may also be helpful to explain that movement of 
the decimal points in the divisor and cBvidend rep- 
resents multiplying toem both by the same number 
(e.g., by 10 or by 100). If students are having trouble 
with dMston, multiplication, or subtraction in work- 
ing the problem, they probably need to work on the 

Computation is not the only area of math that 
gives students trouble. They may also have prob- 
lems in the other basic math skate — measurement, 
estimation, equivalents, problem solving, and soon. 
The following am strategies for helping students 
who need to improve their skis in these areas. 

Kn ■■ hi ■■m f m rill — rfcif nn ml_rl ^^MilwMAAMAai Afl 

Measurement, osumanon, ana equnrwenw. n» 

a vocational-technical teacher, you have an advan- 
tage in teaching measurement and estimation skJfts 
and comprehension of equivalents. These sWIte am 
best taught in rotation to their practical uses on the 
Job. The specific measuring devices used and the 
ways they am used will depend on the occupational 
area. 

Measurement usually requires other tundamentai 
skids as wed, such as reading and writing numbers, 
counting, ordering numbers, and working with frac- 
tions. 

An ijnderstanding of equivalents is ateo involved 
to many measuring tasks. For example, a person in 
the construction trades wiH need to measure In feet, 
inches, and fractions of inches and to understand 
such equivalents as 12 Inches = 1 foot 

A person in cwnmerciaJ foods wiH have to mea- 
sure ingredients by teaspoons, tablespoons, cups, 
and fractions thereof, and in metric quantities (e.g., 
grams and liters). He or she also needs to under- 
stand how one measuring un» relates to another. In 
fact, in many occupations, workers am increasingly 
converting to the metric system. Students who leave 
your program familiar with metric equivalents wi8 be 
much belter prepared for future trends in their oc- 
cupations. 

effective wa^oftoSSing a^SS^^S^T^otonty 
in rneasurement and comprehension of equivalents, 
but also In the underlying computation skills. What 
better way Is there to team fractions, tor example, 
than by manipulating them in taking accurate mea- 
surements? 



o 
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Some students may find it helpful to memorize 
the equivalents most commonly used in their partic- 
ular occupational area. Doing so reduces the 
amount of computation they win need to do in the 
future and makes it easier to do mental figuring. 

For example, a student in a textiles program 
should know the decimal equivalents of %, %, %, 
7 M, %, Vs, and % in order to figure yardage costs 
more easily. The following are examples of how 
fraction and decimal equivalents can be inter- 
changed for easy mental calculation. Notice that the 
technique of splitting factors, shown in sample 12, 
is used in both these examples. 



24 yards a! $2 50 
24 yards at 2Vi - 

24 x 2 ■- 48 
24 x «/» - 12 
48 * 12 $60 



3% yards at $2.00 

3.75 x 2 = 
3x2= 6.00 
.75 x 2 - 1.50 
6.00 + 1.50 =$7.50 



A helpful rule of thumb for students to remember 
m converting from one measurement unit to another 
is this: multiply to get more units of a smaller mea- 
sure; divide to get fewer units of a larger measure. 

Estimation is a skill that comes primarily from 
practice. You can devise a variety of games and 
exercises relevant to your vocational-technical area 
that will give students practice in estimating. For ex- 
ample, you might fine up several containers and ask 
students to estimate how many ounces each will 
hold. Then you could have them actually pour water 
info them to check their accuracy. The same kind of 
activity could be done using board lengths, number 
of feet or yards from one point to another, and so 
on. - 




For estimating answers to computation problems, 
students should be encouraged to round off num- 
bers for rapid estimation. They may aJso find it heip- 
fui.to establish points of reference. For example, 
they know how big a half gallon of mHk is. Is this 
other container larger or smaller? Or, they know that 
this student's height is about 6 feet. How much 
higher is the wall? 

Problem son/frig. Problem solving is essentially 
the application of judgment and computation skills 
to obtain needed information. Part of the ability to 
solve problems is simply knowing that you can. 

As with measurement, problem solving is best 
taught in relation to real, on-the-job problems. The 
kinds of problems your students will be called upon 
to solve wfH depend entirely on their vocational- 
technical area and occupational goals. >bu can help 
them improve their problem*sojving skills by pre- 
senting such problems in a real context— not as 
written problems with all the facts neatly laid out for 
them. 

One approach is to begin by reviewing the prob- 
lem-solving questions: 

• What do I need to find out? 

• What do I already know that can help me find 
the answer? 

• What more do I need to know in order to find 
the answer? 

• How can I use what I already know to find out 
more? 

• What is the solution? 

Vbu might then walk students through the steps of 
solving some sample problems by asking them the 
key questions and letting them provide the answers. 
As students gain confidence, they should become 
increasingly able to ask and answer the questions 
themselves. Eventually, they should become better 
able to recognize problems as they naturally occur, 
to intuitively sort out useful information, and to find 
the answers they need. 

Organization of data. Students need to be able 
to set up, read, and draw conclusions from numeri- 
cal data in the form of charts, tables, graphs, or 
other graphic displays. They should realize that nu- 
merical data compiled in these forms can actually 
be a shortcut for them—especially if they have 
reading problems— because a tot of extra language 
is eliminated. 

Being able to use numerical data In these forms 
is partly attttucHnal That is, your students need to be 
confident that they can understand the data forms if 
they use a logical approach. Vbu can help your stu- 
dents improve their skills with organized data by 
presenting some of the data forms they will encoun- 
ter in their work and showing them how to read the 
forms. 
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For example, paycheck stubs, time canto, ached- 

drifrepeed charts, and other tob-reiafted data torn* 
could be reviewed with the students as they come 
up tn your lessons. 9 _ 




Another way for students to become comfortable 
with displayed data is to construct data displays 
themselves. Mxi might nave them collect, organize, 
and present data for class projects and then present 
and explain the data to the rest of the class. The 
following are examples of such projects: 

• Developing pay scale charts 

• Extracting employment data from various 
sources and presenting the information in tab- 
ular form 

• Constructing bar graphs or circle charts to de- 
pict such relationships as percentages of time 
spent on different work activities* 

Algebra. For most students, algebra appears dif- 
ficult largely because it looks different— rather like a 
foreign language. Students need to understand that 
algebra is Hke shorthand, with letters used to repre- 
sent numbers and special symbols used to indicate 
the kinds of computation to be done. 



5. To gain sK* in assisting students tn reading graphic displays, you 
may wish to refer to Module M-2, Assist Students in Developing Tech- 
ntcal Reading Skills. 



Algebra is a convenient way to express complex 
relationships between numbers and is used to solve 
problems with unknowns, In fact, it may be helpful 
to work on algebra and problem-solving skflte at the 
same time so that students understand the practical 
uses of algebra hi on-the-job problem-solving sltua- 

At 

sons. ^ 

It may also be helpful to review with your students 
the basic rules and symbols used in algebra, such 
as the foHowing: 

Basic Rules 

• Order is the key to solving algebraic problems. 
Do operations in brackets [ J and parentheses 

• Do multiplication and division from left to right 

• Do addition and subtraction from left to right. 

Symbols 

plus + 
minus - / 

multiply ( ), or juxtaposition of symbols 

(e.g., ab) 

dividedb y * or bar (e.g., ~) 

\ou may find it helpful to refer to a basic algebra 
textbook to obtain a thorough outline of algebraic 
rules and symbols. 

Geometry. The amount of geometry that students 
need to master will vary greatly from one trade to 
another. For example, some health occupations 
might Involve Httte or no geometry. Carpentry stu- 
dents might focus primarily on plane geometry or on 
formulas for finding area and dimensions. ' "at sur- 
faces. Sheet metal students would use sot. geom- 
etry as weil, to find the area and volume of cylinders, 
cones, and other three-dJrrierisJonal shapes and 
areas. 

In helping your students to improve their skills in 
geometry, you will need to concentrate on the ways 
geometry is actually used on the job. It would there- 
fore be helpful to review and apply geometric prin- 
ciples and formulas as they naturally come up in the 
course content 

For example, students in machine shop would 
need to use the formula for finding the circumfer- 
ence of a circle when figuring cutting speeds. Stu- 
dents in construction trades would need to use for- 
mulas for finding the area of rectangles and 
triangles when figuring the amount -of materials 
needed to cover a given surf ace. 

Students may also find It helpful to construct ac- 
tual geometric shapes out of paper or other materi- 
als while learning related formulas. ^ 



Provide Practice Activities 



No matter how weft «» mtihematfcaltfieories are 
explained and specific trouble spots are corroded, 
your students W* need plenty of practice to Improve 
their math skids significant** Practice, however, 
does not have to consist of page after page of prob- 
lems. There are a variety of ways in which you can 
provide practice fn specific math skiffs within your 
usual ajrrioukm 

Class Assignments and Protects 

Among the most important avenues tor practice 
are the assignments and protects that are a natural 
part of your program. \bu can set up these activities 
to include the math skMs in which your students 
need practice. This can be done on an individual- 
ized baste so that each students work requires the 
types of math in which he or she needs to improve. 

- Fx example, imagine that building trades stu- 
dents are working on blueprints. For a student who 
needs practice on working with fractions, the In- 
structor could assign scale and dimensions In a way 
that would emphasize computation with fractions. 
On tiie same activities, the instructor might have an- 
other student work with decimals to provide practice 
in that skill. 

Similarly, if dietetics students are learning to plan 
supply orders on the basis of a week's menus, the 
instructor could arrange Individual assignments to 
emphasize computation with whole numbers, frac- 
tions, decimals, percentages, or whatever skills the 
students need to practice. 

Math Exercises 

If you have taught your students mathematical 
shortcuts and tricks to help them Improve specific 
math skills, you can provide practice exercises to 
enable students to gain skid in their use. For ex- 
ample, you might provide exercises, drills, or even 
contests (for speed and accuracy) in which students 
do such tasks as the following: 

• Add by grouping numbers 

• Estimate by rounding off numbers 

• Compute by converting first to an easier form 
(e.g., fractions to decimals) 

• Compute by using number lines or charts 

In order to make math more fun and familiar to 

students, it is important that any such exercises be 
presented in a positive atmosphere. Activities 
should be designed to encourage students to In- 
crease their accuracy and their speed, while also 
breaking down some of the attJtudinal barriers that 
students may have built concerning math. 



A math apacJaftat may be able to help you develop 
math exercises, appropriate to your program, that 
focus on specific sk«s needed by your students. 



Math games, if carefully chosen or constructed 
and correctfy integrated into the program, can be an 
effective and enjoyable way to practice math skills. 
They should be designed to provide practice in the 
specific skins that students are trying to improve, 
and they shook! be used to provide practice at the 
right time— when working on those skids. 

Games of chance, for example, can be con- 
structed to provide practice In probeibity arid prob- 
lem solving, as wed as computation. For example, 
in one such game, students have four cubes or dtee: 
two have the numbers 0 through 5; two have the 
numbers 5 through 10. 

By rolling the cubes one at a time, the students 
try to roll as close to a total of 15 as possible. Each 
student may rod as many of the cubes as he/she 
wishes, may roil each cube only once, and may stop 
*at any time. While providing practice in addition and 
subtraction, the game also challenges students to 
consider the probability of improving scores by se- 
lecting different cubes to roil. 6 




6. Described in Stephen S. WKtougfiby, KutcftingMerttemat)' « What ts 
Basic? (Washington, DC: CooncH tor Basic Education, 1981), pp 27- 
28. 
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\txi can Invent other types of games, such as the 
following, to provide practice in specific math skitis: 

• Contests of speed in the various computation 

8KJR8 

• Guessing games (guessing the volume of con- 
tainers, length of csstances, and so on) 

• Brafntsasem (these can be given out at the end 
of a class and reviewed at the beginning of the 
next) 

Some commercieJ games provide excellent prac- 
tice in specific math skffis. For example, such 
games as Yahtzee, backgammon, bridge, Monop- 
oly, Tricory, Uno, and Oh-No 99 aS require some 
math. Mxi may feel that such games are not an ap- 
propriate use of class lime, es p e de Jy since toe re- 
lationship of game playing to leeroing often appears 
remote. However, your situation might permit stu- 
dent use of such games during lunch, scheduled 
breaks, free periods, or even as an incentive or re- 
ward at certain times. 

Simulations 

Simulations are another way to give students 
practice in specific math skills, while also develop- 



ing occupational skids and career awarer.^ss. AJ- 
though creating a simulation requires a good deal of 
preparation time, simulations have several advarv 

• They can be used repeatedly, often with differ* 
em results. 

• They can be designed speciffcaJry to enhance 
your vocational-technical program. 

• They can be developed in such a way that they 
do not appear chfldJaJt to the students. 

• They can be adapted to meet iniiividu^ 

• Roles can be designed to emphasize specific 
math skills. 

Developing a simulation calls tor identifying oc- 
cupations related to your vocatk>nal-tscnnical area 
and developing a role, or a task to be accomplished, 
tor each occupation. Usuafty simulation roles de- 
pend on hiteractton among or between rote-players. 
Mxican set up each role with facto, figures, and task 
instructions that require the use of specific math 
skills. 7 



7. To gain skiH in using 8*m«Ja<ton$, you may wtoh to rotor to Module 
C-5, EmpJoy Simulation Techmqves 



/ To increase your awareness of available techniques and materials for im- 

/ proving specific math skills, you may wish to review student and teacher 
Optional materials such as those produced by the Interstate Distributive Education 

Activity M Curriculum Consortium (IDECC). These materials include teaming activity 
packages for specific math skills, such as "Addition and Subtraction; "Multi- 
plication and Division," and "Fractions and Percents." 
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The blowing case situations ^esci8» four stixtoms «^ need to improve 
specific math skM8. Read each case sttuatfon and the question foWowfng it. 
Using the question as a guide, explain in wrtttng how you wouW hetp the 
student improve his/her math sWte. 



CASE SITUATIONS 

1. Carolyn Mehaffie, a student in your program, has turned In a worksheet with the following problems on 



,5304 ., 2M7 , 5266 

IS mzotol 26/W(*5 7/366097 

15. JL s& 

42 207 |6 
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7 /85 37 
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5 1 



What math skills do you think Carolyn is having trouble with, and how would you help her improve 
those skills? 



ERIC 



47 49 



2. Al FrizeU has come to you saying that he canl complete a class project because the dimensions don't 
come out right When he explains how he came up with his figures, you find that Al Is having trouble 
adding and subtracting fractions. 

How would you go about helping Al improve his skiffs in working with fractions? 
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3. Elijah Moore has been working on completing order forms, using s©tf-«vatuatton checks to monitor his 
own progress as he works through the unit Bjah has come to you because his final cost figures are 
often wrong and he doeenl know why LooWrg over hteordew, you fWt^ 
whoie numbers faWy we« but that ho does not understand placement of decimal points In decimal 
computations. 

How would you help Bijah improve his skills with decimals? 



RIC 



49 



51 



Mx< have assigned a project requiring your students to (1) figure how much materia) they will need to 
nwtean tern of a given size. (2) obtain the matenats, and (3) complete the project. Most of your 
students have begun the construction phase of the project, but three students are i5 trying to figure 
out how much/rnateriai they wi« need. They simpry donl know how to solve the probtem. 

How woufd you help those students improve their prvbfem-soMng skiffs? 
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Compare your written responses to the case situations with the model re- 
sponses given beta* M>ur responses need not exactly duplicate the model 
responses; however, you should have covered the same major points. 



i 



MODEL RESPONSES 

1. Carolyn seems to have two areas of difficulty. 
The first and most serious is that she has not 
mastered the multiplication tables— as indi- 
cated by such errors as 3 x 15 = 42, 
8x26- 200, 2x26= 58, 7x26 = 180, 
and 6 x 7 = 46. 

The second problem is that, while she appears 
to have a fairly gooo command of the division 
process, she is neglecting to bring down zeros 
to maintain place values. 

There are several possible strategies for help- 
ing Carolyn to improve her multiplication skills. 
First, she should be encouraged to memorize 
the imiWplicatlon tables, perhaps beginning with 
some of the easier ones, Hke 2s and 5s. 

Various shortcuts and aids can also be used, 
not only to help Carolyn team the tables, but 
also to enable her to do the rest of the math 
required for her program until she knows the 
tables. Fc ? example, you could provide a multi- 
plication chart for reference. 

Frequent use of such a chart could help Carolyn 
"absorb" some of the number combinations al- 
most unconsciously. A program of charted tim- 
ings could also help her to commit the multipli- 
cation tables to memory. 

It may help Carolyn to know hints and rotes of 
thumb for multiplication— for example, that re- 
versing the factors does not change the answer 
(7x5 = 5 x 7). If she becomes stronger In 
some tables (e.g.. 5s) than in others, she can 
be encouraged to use this to her advantage. 

For example, instead of multiplying 6 x 8, she 
could mentally multiply 5 x 8 (40) and add 8 
(48). Perhaps rounding multipliers or splitting 
factors would be useful techniques for Carolyn. 

Carolyn should have plenty of opportunity for 
practicing multiplication as she gains sWH. >bu 
might plan her regular assignments to empha- 
size multiplication skills. 

Finally, if Carolyn's difficulty persists despite 
your efforts and hers, you might consider 
- whether using a calculator would be consistent 



with the job requirements related to her occu- 
pational goals. 

Improvement wiH probably be easier to achieve 
in the matter of bringing down zeros. It may suf- 
fice to remind Carolyn that .zeros must be 
brought down to maintain place values in the 
answer. Reviewing the concept of place values 
may help her to remember the important func- 
tion of zeros. 

2. To help Al, you need to know more about where 
he is going wrong. A first step might be to break 
the math skills (adding and subtracting frac- 
tions) into subtasks and then to watch as Al 
works some sample problems. 

With subtasks in mind, you should be able to 
determine whether Als difficulty stems from, for 
example, not converting to fractions with com- 
mon denominators, not leaving denominators 
constant when computing, computing new nu- 
merators incorrectly, or other specific errors. 
When you have defined the specific problem 
area, you will be able to work directly on that 
area. « 

If the main problem is in following the correct 
process to compute the answer, you should ex- 
plain and demonstrate the process of adding or 
subtracting fractions and review the basic rules. 
In selecting practice problems for Al, you may 
wish to give him problems with like denomina- 
tors first. After he masters those, he could move 
on to more complex ones. >■ 

If Ala difficulty stems from a lack of conceptual 
understanding of fractions, other strategies 
may be appropriate. Visual aids (e.g., pie charts 
or diagrams) and tangible objects may be useful 
as you explain fractions. Activities in which Al 
mantoulntsyhjects may be appropriate. 

. As Al gains skill in adding and subtracting frac- 
tions, he will need practice activities to reinforce 
his new skills. Class assignments emphasizing 
these skills, drills, computation contests with 
other students, games, or simulations are pos- 
sib<» ways to provide practice, depending on 
your vocational-technical program. 
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3. Having discovered his problem through setf- 
evafuatton is an advantage (or Elijah. He has 
determined for hirneeff that he needs to improve 
ros mam skms. i ms sense or rssponswimy may 
give Wm the motivation It takes to bring about 
the Improvement 

Elijah may need to review the basic rules of 
working with decimals (».g., Hne up decimal 
points. In addition and subtraction, count deci- 
mals in a multiplication problem to locate the 
decimal point in the answer). He may also need 
review me concept or ptace values m reunion 
to decimals. 

In explaining concepts and rules, It may be help- 
ful for you to demonstrats the ideas using visu- 

jects— perhaps play money. 

When EHjah understands these concepts, he is 
likely to find applications of the concepts most 
relevant if they relate to the order forms he was 
originally working on. You might have him re- 
work the order forms and repeat the self-checks' 

' to observe his own progress. Seeing the 
achievement that results from his Own efforts 

; may further motivate htm to continue working on 

\ his math skills. 

Practice activities wiH help EHjah to solidHy the 
improvement in his math skills. Class assign- 
ments can be designed to emphasize decimal 
. computations. If necessary, other activities, 
such as games or math exercises, can be pro- 
vided to give additional practice. 

4. These students need to learn a rational ap- 
proach to finding solutions to practical prob- 
lems. Learning a set of problem-solving ques- 
tions that can be applied to any problem can 



give them both a method of seeking solutions 
and the confidence that they can dissect a prob- 
lem and use the Information they have to find 
other information. f 

One approach to helping these students is to 
ask them questions that wiH help them identify 
and examine the problem. For example: 

• What do you need to find out? * 

• What do you already know that can help 
you find the answer? 

• What more do you need to know in order to 
find the answer? 

• How can you use what you already know to 
find out more? 

• What is the solution? 

As they answer each question, you can help 
them to organize their information so that it 
leads to a solution. 

When the students have sytved the problem, 
you can pose similar problems to which the stu- 
dents need to apply the proWem-sofving pro- 
cess. You should encourage them to become in- 
creasingly responsible for defining the problem, 
asking the right questions, and organizing their 
information so that it leads to a solution. 

To provide additional practice in problem solv- 
ing, you need to took for ways to incorporate 
problem solving into other assignments. For ex- 
ample, you may want to avoid supplying too 
much information when you assign projects and 
other class activities. Instead, you might require 
the students to use a few given facts and figures 
to generate enough other information to com- 
plete the assignment. 



Level of Performance: Your written responses to the case situations should have covered the same major 
points as the model responses. If you missed some points or have questions about any additional points 
you made, review the material in the information sheet, Improving Specific Math Skills, pp. 24-46, or check 
with your resource person if necessary. . 
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The following case study describes how a vocational teacher assisted stu- 
Activity dents in improving their math skHte. Read the case study and then critique 

\ m In writing the teachers performance, explaining (1) the strengths of the 

V 1 M teachers approach, (2) the weaknesses of the teachers approach, and (3) 
^^mt^r how the teacher should have assisted the students in improving their math 
skids. 



CASE STUDY 

Mr. Rawtings, a vocational teacher, had just got- 
ten a new group of students In his program. Weil 
aware from past experience that new students donl 
always have the needed skHi levels in the 3 Rs, he 
decided to assess their skffls early so that he would 
be able to accommodate their needs throughout the 
program. 

For the math skills, Mr. Rawtings went to the math 
teacher and got several comprehensive math tests. 
Looking them over, he chose one that included all 
areas of computation, some algebra and geometry, 
and many word problems to test probiem-soMng 
ability. This one looks like it covers at least as much 
math as we '4 ever use in my classes; he said to 
himself. "Better to be thorough and find out just 
where the students stand." 

When Mr. Rawtings gave the test he was careful 
to explain to the students (1) why they were taking 
the test, (2) that they wouJdnl get a grade for it, (3) 
how much time they would have, and (4) how toe 
test was set up. He reviewed the vocabulary used in 
the directions and encouraged the students to ask 
questions any time they needed to. 

After the test, he told the students that their 
scores would be available on Monday and that they 
could come to him if they were interested. 

When he scored the tests, Mr. Rawtings found 
that many students had trouble with multiplication, 
long division, fractions, decimals, percents, and 
solving word problems. "Wow — this is going to be 
some challenge !" he thought as he planned how he 
would help his students improve their math skills 
while they pursued their occupational goals. 

Since so many students were having trouble, he 
deckled to begin with a topic that would interest 
everyone and give students a chance to work on 
several math skills at once: earnings. 

Introducing the unit on earnings, Mr. Rawtings in- 
formed the students that their math scores had been 
fairly low and that they needed to work on several 
areas, which he listed on the board. He explained 
how important these skills are for a worker, not only 
for completing their job duties, but for computing 
wages and benefits, understanding their earnings 
statements and paychecks, and planning a budget. 



Aware of how important It is to be positive and 
encouraging, Mr. Rawtings assured the students 
that if they tried hard they could surely improve their 
math skills. He noted that, although they would have 
weekly quizzes to check their progress, they would 
not actually be graded hi the math portion of the 
course. 

Because a!l the students needed to know about 
earnings and so many of them needed to improve 
their skills to the related math, Mr. Rawtings planned 
primarily targe-group instruction. He explained how 
the earnings statement is laid out; what the different 
amounts are; how such deductions as taxes, Social 
Security, and insurance are figured; how the bene- 
fits system works; how the pay scale relates to time 
on the job; and soon. 

The students found this really interesting, espe- 
cially since it related to how much money they would 
be making. Mr. Rawtings brought up hobbies and 
other outside interests he knew his students had, 
which they would be better able to afford if they 
handled their money well. 

Mr. Rawtings made sure all toe students studied 
the math chapter in toe technical-skills textbook he 
used in the program. This gave them ail a common 
beginning and a reference they could use later. 

Then, when students had trouble with some of the 
math, Mr. Rawtings tried to explain each mathemat- 
ical concept simply and cfeariy, and he wrote toe ba- 
sic rules for it on the board. He demonstrated prob- 
lems on the board and used large wad charts — one 
with the pay scale gradations and one showing a 
completed earnings statement— to illustrate his ex- 
planations. 

To give students practice with problems related to 
earnings, Mr. Rawtings passed out sample earnings 
statements to each student and assigned problems 
to be completed using information from the hand- 
outs. 

For students who just didn't seem to know their 
multiplication tables, he assigned one tabktat a time 
to be memorized— not so much that it would over- 
whelm them, but enough that they would have 
memorized them all by* the end of the program. 
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Whenever students worked problems on the 

• board, Mr. Rawiings watched for signs of specific 
difficulty. For example, when one student Kept get- 
ting problems wrong because she was placing the 
decimal points incorrectly, he took advantage of the 
situation and explained place values and working 
with decimals to the whole class. 



To improve the students' skill in solving word 
problems, Mr. Rawiings gave them sheets of prac- 
tice problems, pointed out key words that indicated 
how to solve the problems, and led them through 
solving several of them. He was caroful to make the 
problems relevant by nr ating them to earnings or to 
the vocatfonaMecbnical program. 

As Mr. Rawiings assigned work in other areas of 
the program, he tried to reinforce the students' math 
skills development by emphasizing the math skills 
they were currently working on. This gave the stu- 
dents plenty of practice through which they could 
continue to improve their math skills. 



Then Mr. Rawiings had the student at the board 
work the problem properly to show her achieve- 
ment. He followed up on this activity by assigning 
other, more difficult problems to the students. Mr. 
Rawiings believed in building on students' success 
to increase their self-confidence. 
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Compare your written critique of the teacher's performance wttii the model 
critique given below. \bur response need not exactly duplicate the model 
response; however, you should have covered the same major points. 



MODEL CRITIQUE 

Mr. Rawitogss view of math skills improvement as 
part of his responsibility is highly commendable. His 
general attitude and his many efforts to help stu- 
dents improve their math skills will certainly benefit 
ethem. - 

Unfortunately, Mr. Rawlings made a faulty begin- 
ning that would be hard to overcome later. Without 
assessing the specific math skills required for his 
program, he had nothing to which to compare the 
students' skill levels. Had he reviewed occupational 
anah ^es or competency profiles and analyzed the 
ways in which math is used on the job and the pro- 
ficiency levels needed, Mr. Rawlings would have 
had a very good basis for setting realistic learning 
objectives for the students once their present skill 
levels were known. 

As it was, he failed to assess not only the math 
requirements but the adequacy of his own skills for 
improving students' basic math skills. Mr. Rawlings 
also failed to consider whether the textbook and 
other Instructional materials he was using covered 
basic math development adequately. 

He should, for example, have reviewed these ma- 
terials to answer questions such as the following: 
Do they present basic math in ways appropriate for 
the students' teaming needs? Do they provide clear 
and simple explanations and enough opportunity for 
practice? And so on. The technique he used later 
(assigning a chapter from the textbook) may or may 
not have been a good one, depending on the ade- 
quacy of the text. 

Mr. Rawlings was quite correct to assess his stu- 
dents' basic math skills early in the program. This 
would enable him to plan his instruction to meet the 
students' needs. However, the assessment ap- 
proach he chose left something to be desired. Stan- 
dardized tests, while not necessarily the best ap- 
proach in this situation, can be useful — if they are 
short, tailored to the program, and suited to stu- 
dents' capabilities (e.g., reading levels). 



But without knowing the exact math requirements 
for the occupational area, Mr. Rawlings had no way 
to tailor the test to the program. The test he chose 
was also too broad, probably too long, and at- 
tempted to assess problem-solving ability through 
word problems atone. 

For students who have trouble with math anyway, 
this kind of test is apt to be altogether too threaten- 
ing to give an accurate assessment of their math 
skins. Mr. Rawlings was somewhat sensitive to this. 
He did try to lessen the students' fear by explaining 
the purpose of the test the directions, the vocabu- 
lary, and so on. 

However, when he reviewed the scores, he had 
no way of knowing how much of the students' poor 
performance was really due to math deficiency. 
Many performance problems could have resulted 
from test fear, inadequate reading ability, or other 
difficulties. 

At this point, howevei, he still could have salvaged 
the situation. He should have sat down with each 
student, gone over the test, and reviewed the stu- 
dents strengths and weaknesses should have 
had the student show him how k . r she worked 
some of the problems that were solved incotrectly. 

By using that approach, Mr. Rawlings could have 
gotten a better idea of each student's real difficul- 
ties— whether with basic concepts or perhaps with 
minor steps in the mathematical operations. Each 
student then could »,ave participated in making the 
decision that he or she needed to improve certain 
math skills. Each student could have chosen to 
commit his or her efforts to that improvement. 

After a shaky beginning, Mr. Rawlings did a fairly 
good job of working with the students to improve 
their math skills. He was creative in incorporating 
the math into the vocational-technical content. 
Teaching math in an occupational context and at- 
tempting to show the relationship of math to occu- 
pational and personal interests could help motivate 
the students to learn. 



59 



He did try to be positive and encouraging. How- 
ever, His early efforts at creating a positive- atmo- 
sphere should have been sustained thrpj^ojhout his 
instruction. Singling out a student who is working a 
problem incorrectty at the board is inherently threat- 
ening. It can intimidate not only the student at the' 
board but also me other students, who know they 
may be next if they make public" mistake. 

And this was hardly a good example of building 
on a students success to increase setf -confidence. 
In reality, the student at the board was building on 
failure. When she got the problem right after addi- 
tional instruction, Mr. Rawttngs should have rein- 
forced her success by giving her more problems of 
equal difficulty. Later, after her repeated success, 
he could have increased the difficulty of the prob- 
lems he assigned. . 

Perhaps, Mr. Rawiings's greatest fault in working 
with the students was that he did not individualize 
instruction. In choosing only large-group instruc- 
tional techniques, he ignored students' individual 
needs. 

For example, some students might not have 
needed to start at the beginning with each new math 
skill. Perhaps a review of basic rules would have 
sufficed for these students. Some students might 
have responded better to one-to-one or small-group 
instruction. Perhaps others had reading problems 
that should have been accommodated in the choice 
of instructional techniques. 



Undoubtedly, ail the students would have bene- 
fited from a little more fun in the learning. Enjoyable 
activities — games, contests, brainteasers, and sim- 
ilar activities— might have helped to offset the large- 
group instruction and the grim prospect of weekly 
quizzes. 

Other techniques besides memorization (e.g., 
shortcuts and number charts) might have helped 
students learn the multiplication tables. With a bet- 
ter view of how math is used on the job, Mr. Rawt- 
ings might even have determined that quick recall of 
multiplication tables was unnecessary and that cal- 
culators could be used. 

It is true that the students— through Mr. Rawl- 
ings's patient instruction — may be better able to 
solve written word problems. However/their ability 
to solve problems on the job probably will be little 
affected. Problems that are encountered naturally in 
almost any job are not presented on paper with key 
words and just the right amount of information. 

A better focus for students' efforts would have 
been to use the problem-solving questions to solve 
problems that naturally occur in the vocational- 
technical program: what is the problem, what infor- 
mation do I have, what information do I need, and 
how can I solve the problem? 

Finally, on the positive side, reinforcing the learn- 
ing of math in other class assignments and projects 
was an effective way to provide practice within the 
context of occupational development. 



Level of Performance: Mxir written critique should have covered, the same major points as the model 
critique. If you missed some points or have questions about any additional points you mad<\ review the 
material in the information sheets, pp. 7-17 and 24-46, or check with your resource person if necessary. 
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FINAL EXPERIENCE 




; ^^^^^ 




"<■(,< «} m i .ri ,u.UmV te<K,tiinq situation see trie inside back row 
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TEACHER PERFORMANCE ASSESSMENT FORM 

Assist Students In improving Tneir Math Skills (M-5) 



Directions: Indicate the level of the teacher* accomplishment by placing an 

X In the appropriate box under the LEV C L OF PERFORMANCE heading. If, c*» 
because of special circumstances, a penormance component was not appli- 
cable, or impossible to execute, place an X in the N/A box. ^ 



LEVEL OF PERFORMANCE 



hi preparing to assist students In improving their math 
skills, the teacher: 








1. assessed the math skills req lired to master the competen- 
cies for the occupational area, including: 
a. basic math competencies 


□ 


j I 

LJ 


pi 
LJ 


□ 


b. specific math skills 


1 f 

□ 


□ 


□ 


□ 


2. assessed students' competency levels in relation to the 
math requirements, using the following approaches: 
a. formal and/or Informal assessment techniques, as ap- 
propriate for students' individual needs 


1 1 


□ 


□ 


1 1 

□ 


b. realistic problem-solving activities 


□ 


n 

LJ 


i i 


□ 


c. strategies for making the situation as nonthreatening as 
possible 


n 


□ 




□ 


d. opportunities for student self-evaluation 


□ 


n 
i i 


r~ i 


□ 


e. reviews of assessment results with each student 




□ 


□ 


□ 


3. assessed his/her own knowledge and competency in the 
identified math skills, including: 
a. understanding of basic concents 


□ 

t mm, —J 




□ 


□ 

I J 


b. ability to perform math operations 


□ 


□ 




□ 


c. ability to help students learn the concepts and opera- 
tions 


□ 


□ 




□ 


4. assessed existing instructional materials to determine their 
adequacy for improving basic math skills 


□ 




□ 


□ 


5. adapted or supplemented instructional materials as nec- 
essary 


□ 


□ 


□ 


□ 


6. planned appropriate courses of action, including one or 
more of the following approaches: 
a. learning activities within the occupational program to 
improve specific math skills 




□ 


□ 


□ 


b. referral to a specialist for more intensive math remedia- 
tion 


□ 


□ 


□ 


□ 
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c. supportive activities within the occupational program to i — ■ 

complement the specialist's remedial activities I — I 

In working wttti students to Improve their math skills, the 

teacher: 

7. created a positive atmosphere by: ,\ — i 

a. projecting a positive attitude i J 

b. creating a nonthreatening environment □ 

c. encouraging students to take responsibility for improv- i — i 
ing their own math skills I — I 

8. individualized instruction by: 

a. considering students' learning styles and other individ- i — i 
ual needs in planning instructional activities I — I 

b. planning instructional activities to allow students to work 

on the specific math skills in which they needed im- i — ■ 

provement I — I 

c. relating learning activities to students' occupational and i — i 
personal interests I — I 

9. used appropriate instructional techniques to help students 
improve specific math skills, including one or more of the 
following: i — i 

a. simple, clear explanations of concepts and basic rules I — I 

b. demonstrations of step-by-step procedures ... □ 

c. development of math skills as a part of normal program i — i 
content I — I 

d. visual aids (e.g., charts, diagrams,) and tangible objects □ 

e. manipulative activities □ 

f. work on specific problem areas as a means of building i — ■ 
to a larger skill : I — I 

g practical math activities, designed to help students im- i — i 

prove their problem-solving skills I — I 

10. provided practice activities, including one or more of the 
following: 

a. regular class assignments and projects, adapted to em- i — i 
pbasize math I — I 

b. math exercises and games, designed to improve speed i — i 
and accuracy I — I 

c. simulations 

□ 



/ / 9 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

□ □ □ 

I I L—j I I 

£] □ □ 
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Level of Performance: AH Items must receive N/A, GOOD, or EXCELLENT responses. If any Item re- 
ceives a NONE, POOR, or FAIR response, the teacher and resource person should meet to determine 
what additional activities the teacher needs to complete in order to reach competency In the weak area(s). 
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ABOUT USING THE NATIONAL CENTER'S 
• PBTE MODULES 



Organization 

E£ch module is designed to iwtp you gain competency 
in a particular skill area considered important to teaching 
success. A module is made up of a series of learning ex- 
periences, some provicRng background information, some 
providing practice experiences, and others combining 
these two functions Completing these experiences shouki 
enable you to achieve the terminal objective in the final 
teaming experience. The final experience in each module 
always requires you to demonstrate the skHI in an actual 
teaching situation when you are an intern, a student teadv 
er, an inservice teacher, or occupational trainer. 

Procedures 

Modules are designed to allow you to individualize your 
teacher education program. You need to take only those 
modules covering skills that you do not already possess. 
Similarly, you need not complete any le^ng experience 
within a module if you already have the skHI needed to 
complete it. Therefore, before taking any module, you 
should carefully review (1 ) the introduction, (2) the objec- 
tives listed on p. 4, (3) the overviews preceding each team- 
ing experience, and '4) the final experience. After com- 
paring your present needs and competencies with the in- 
formation you have read in these sections, you should be 
ready to make one of the following decisions: 

• That you do not have the competencies indicated and 
should complete the entire module 

• That you are competent in one or more of the ena- 
bling objectives leading to the final learning ex- 
perience and, thus, can omit those teaming experi- 
ences 

• That you are already competent in this area and are 
ready to complete the final learning experience in 
order to "test out" 

• That the module is inappropriate to your needs at this 
time 

When you are ready to complete the final learning ex- 
perience and have access to an actual teaching situation, 
make the necessary arrangements with your resource per- 
son. If you do not complete the final experience successful- 
ly, meet with your resource person and arrange to (1) 
repeat the experience or (2) complete (or review) previous 
sections of the module or other related activities suggested 
by your resource person before attempting to repeat the 
final experience 

Options for recycling are also available in each of the learn- 
ing experiences preceding the final experience. Any time 
you do not meet the minimum level of performance re- 
quired to meet an objective, you and your resource per- 
son may meet to select activities to help you reach com- 
petency. This could involve (1) completing parts of the 
module previously skipped, (2) repeating activities. (3) 
reading supplementary resources or completing additional 
activities suogested by the resource person, (4) design- 
ing your own learning experience, or (5) completing some 
other activity suggested by you or your resource person. 



Terminology 

Actual Teaching Situation: A situation in which you are 
actually working with and responsible for teaching second- 
ary or postsecondary vocational students or other occupa- 
tional trainees. An intern, a student teaqher, an inservice 
teacher, or other occupational trainer would be functron- 
ing in an actual teaching situation. If you do not hava ac- 
cess to an actual teaching situation when you are taking 
the module, you can complete the module up to the final 
learning experience. You would then complete the final 
learning experience later (i.e.. when you have access to 
an actual teaching situation). 

Alternate Activity or Feedback: An item that may sub- 
stttute for required items that* due to special circum- 
stances, you are unable to complete. 
Occupational Specialty: A specific area of preparation 
within a vocational service area (e g,, the service area 
Trade and Industrial Education includes occupational 
specialties such as automobile mechanics, welding, and 
electricity). 

Optional Activity or Feedback: An item that is not re- 
quired but is designed to supplement and enrich the re- 
quired items in a teaming experience. 
Resource Person: The person in charge of your educa- 
tional program (e.g., the professor, instructor, adminis- 
trator, instructional supervisor, cooperating/supervising/ 
classroom teacher, or training supervisor who is guiding 
you in completing this module. 
Student: The person who is receiving occupational in- 
struction in a secondary, postsecondary, or other training 
program. 

Vocational Service Area; A major vocational field: agri- 
cultural education, business and office education, market- 
ing and distributive education, health occupations educa- 
tion, home economics education, industrial arts education, 
technical education, or trade and industrial education. 
You or the Teacher/Instructor: The person who is com- 
pleting the module. 

Levels of Performance for Final Assessment 
N/A: The criterion was not met because it was not ap- 
plicable to the situation. 

None: No attempt was made to meet the criterion, 
although it was relevant. 

Poor: The teacher is jnabte to perform this skill or has 
only very limited abHfty to perform it. 
Fain The teacher is unable to perform this skill in an ac- 
ceptable manner but has some ability to perform it. 
Good: The teacher is able to perform this skiff in an ef- 
fective manner. 

Excellent: The teacher is able to perform this skill in a 
very effective manner. 
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